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EXECUTIVE SUMMARY

The purpese of +this Remedial Investigation Report is to
characterize the Sheridan Disposal Services (SDS) site and to
summarize the data collected and conclusions drawn from the
remedial investigation of the 8D site. The purpose of the
remedial investigation was to determine the nature and extent

of any environmental threat from the SDS site and to gather the

data necessary to develop a study of feasible alternatives for

remedying any such threat,

SDS, owned by Mr. Duane Sheridan and in operation from the

DO03377

late 1950s to 1984, was a permitted commercial solid waste
disposal site. It is located on a 700 acre tract owned by Mr.
‘ Sheridan in Waller <County, about nine miles northwest of
Hempstead, Texas. The surrounding area is primarily farm and
grazing land.

The principal waste operations involved storage of various
waste materials in a pond of between 12 and 22 acres, depending
on water level, and waste incineration. At its closest point,
the pond is about 200 feet from the southern bank of the Brazos

River. A 42-acre evaporation system was added in the 1970s to

handle excess stormwater.

SDS received 1its (first waste disposal permit from the
State of Texas in 1963, and continued operations until early
1984 when the Texas Department of Water Resources ("TDWR")

ordered the site closed. In January of 1984, the TDWR

RESOURCE ENGINEERING ——




contacted certain companies whose waste may have been disposed

at the site reguesting that such companies c¢onduct an
evaluation of present conditions and assist 8DS in future
management of the inactive site.

The companies contacted by the TDWR formed .the Sheridan
Site Committee which, through its contractor, Resource
Engineering, Inc. (REI} has conducted extensive site surveys
and interim remedial actions during the ensuing two years.
This Source Control Remedial Investigation Report presents the
results of the investigation performed on behalf of the
Sheridan Site Committee and under the direction of <the TDWR
and/or the U.S. EPA. Additional groundwater studies are
currently ongoing and will be reported in the Groundwater
Migration Management RI report (GWMM). Set forth below is a

summary of the major findings of this Remedial Investigation

Report.

Findings Regarding Any Environmental Impact

1. Continuing response actions have and will be
implemented so that the site may not pose an immediate threat
to human health or safety or the environment through air
emissions, direct contact or surface waterx runoff. The
potential risks presented by the site will be further evaluated

in the Endangerment Asseéssment. Response actions completed

ii
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. inciude: removing oil from the pond surface, evaporating about
nineteen million gallons of excess stormwater from the pond,
improving and elevating the dikes surrounding the pond and the

evaporative system and installing a fence around the pond and

evaporative system.

S e =

2. The site is in a rural area of Waller County. The
nearest resident is the site caretaker located in a2 mobile home

2,000 ft. southeast of the pond.

o~
3. The site's remote 1location coupled with the fence -
MY
surrounding the site restricts access to the site by animals or MY
Q
people. >
4. A water table aquifer 1located approximately 55 feet
below grade at the site, naturally discharges slowly into the
. Brazos River. The impact of this discharge is so minimal that

water samples taken from the Brazos River immediately upstrean
and downstream of the site show no measurable impact on the
river by the site,

5. The first usable aguifer (capable of sustaining more
than 2 gpm) at the site is located approximately 80 feet below
grade. This aquifer will be refefred to as the first confined
aquifer. Boring 1logs show that this aquifer is separated from
the upper water-bearing zone by a 25 to 40 foot thick clay

stratum.

6. There are no wells withdrawing water from the upper

water-bearing zone downgradient of the site.

iii
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. 7. Dikes around the pond extend one and a half to three
feet above the 100-year floodplain elevation to prevent waste
from washing into the river during floods.

8. Riverbank erosion on the Brazos poses no immediate
threat to the site. Left unchecked, at current erosion rates

the river could intrude on the waste materials in approximately

100 years. At that time, significant contamination of the
river could occur.
9. Recorded values of air contaminants from the SDS site

are at detection 1limits and well below acceptable exposure

003380

concentraticns. The closest potential receptor 1is the site
caretaker located approximatley 2,000 feet southeast of the
pond in a mobile home. However, the nearest permanent resident
is located one mile away. Recorded values of air contaminants
at the bank of the pond are at normal rural background levels
which are substantially below typical values occurring in urban .

areas.

Findings Regarding Waste Materials Requiring Management

1, Assuming an average sludge depth of three feet,
approximately 100,000 cubic vyards of organic and inorganic

sludges lie at the bottom of the 22-acre pond and under the

surrounding levee. These sludges contain metals, chlorinated
and non-chlorinated organics, phenolics, polyaromatic
'l' hydrocarbons, incrganic salts and polychlorinated biphenyils.
iv
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2. Assuming three feet of contaminant migration into
subsoils, it is estimated that up to 60,000 cubic yards of
contaminated subsoils are found beneath the pond sludge. It is
possible that once remedial action is undertaken the extent of
contaminated subsoil under the pond sludge could be found to be

greater or less than the assumed three feet.

3. There are approximately 8,000,000 gallons of
stormwater within the pond. Analyses have shown 1low levels of
organic contamination. Over the years, such stormwater has

been evaporated in the evaporative system.

4. A floating oil layer now covers about 15% of the pond
surface.
5. The levee system surrounding the pond was originally

constructed with local site soils (predominantly clays and
clayey soils), sludge, and ash residue from the incineration
process. The 1levee system volume is estimated at 220,000 cubic

yards, and approximately 20% of this volume 1is from processed

wvaste materials.
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PN 3 .

1.0 INTRODUCTION

1.1 site Background Information

1.1.1 Site Location and Description - The Sheridan

Disposal Service (SDS) site is 1located approximately 9 miles
north-northwest of the City of Hempstead in Waller County,
Texas; It is two miles northwest bf the intersection of Clarke
Bottom Road and Farm Rcad 1736 at 96°80'00" east latituade and
30°12'30" north longitude. The waste management areas occupy
an area of approximately 110 acres out of a 696.5-acre tract of
land bordered on the north by the Brazos River and on the south
by Clarke Bottom Road. Figures 1-1 through 1-3 illustrate the
site location.

The Sheridan Disposal Service (SDS) site began
operating as an industrial waste disposal facility in the late
1950s. At present, the site includes a 42-acre iand
irrigation/evaporation system, and a pond which has_;gpged&%p“
size from 12 to 22 acres depending cn water 1levels and partial
closure actions undertaken by SDS. The levee/dike around the
pond has a surface area of approximately 17 acres, including
portions of the pond which have previously been covered. An
incinerator and a battery of 9 storage tanks which were used
for separation and treatment of oil/water emulsions and storage

of solvents and fuel oils are located on the pond levee.

RESOURCE ENGINEERING ——
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Aerial View of Sheridan Site Looking Southeast

#\ RESOURCE ENGINEERING INC.

m ENVIRONMENTAL CONSLALTANTS
' SOUSTOM TEXAS

FiGURE 1-3

AERIAL VIEWS
JULY 1086

SHERIDAN DISPOSAL SERVICE SITE
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1.1.2 Site Operating History - In the late 1950s,

Mr. Duane Sheridan began treating and disposing of industrial
wastes on a 15-acre portion of his farm/pasture in a natural
low-lying area which became the pond impoundment. Sheridan
Disposal Service's operating‘_P;actiqesm‘_included open  pit
burning of combustible wastes for volume reduction. To handle
additional waste, the size of the pond was gradually increased
to a maximum of 22 acres.

From the beginning of operations through 1971,
open burning and impoundment of wastes were the operating

practices. In September of 1971, construction began on a

003386

battery of storage and treatment tanks in response to an order
from the Texas Water Quality Board (TWQB). Additionally, a
system of ground flares was installed in 1972.

Fron mid-1971 through 1974, operating
practices consisted of steam treating oil-water emulsions in
the receiving tanks and using separated petroleum oils as fuel
for the ground flares. During this period, a 400,000=gallon
receiving pond located on the northwest section of the pond
impoundment levee was used for unloading and initial storage of
wastes. From there, wastes were pumped to the steam treatment
tanks for emulsion breaking. Recovered waste oils were so0ld or

used as fuel for the boiler and ground flares and, later, the

incineration system. Residue or ash from open burning and
flaring was disposed of in the impoundment. Wastes
1 -5




were also directly discharged into the impoundment during upset
conditions or when the emulsion treatment system was
overloaded.

During 1974 and 1975, Sheridan Disposal
Service conducted numerous trial burns of various incineration
systems. In May of 1975, SDS received an operating permit from
the Texas 2air Control Board (TACB) for a ligquid waste burner
(incinerator) designed and constructed by Mr. Sheridan.

In 1976, a 1land irrigation/evaporation systenm
was constructed by  Sheridan Disposal Service under the

supervision of TWQB personnel for on-site management of agueous

003387

wastes and stormwater which accumulated in the pond. Between
197¢ and 1984, the system was used to treat more than 40
million gallons of wastewater from the impoundment pond, as
reported to the TWQB.

At that +time the major treatment operations
invclved sarface impoundment disposal, open pit burning,
incineration of combustible wastgs, land evaporation, and
incinerator evaporation of impoundment wastewaters.

1.1.3 Site Requlatory History - The regulatory

history of the site was administered principally by the Texas
Air Control Board (TACB), and the Tzxas Water Pollution Control
Board (TWPCB), predecessor of the Texas  Water Commission
(TWC) . Sheridan Disposal Services received a waste disposal

permit from the TWPCB in March of 1963. A special provision of
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the original permit required that any new waste streams for
disposal at the site be reviewed and approved by the TWPCB
staff. Agency records indicate that Sheridan Disposal Service
was reasonably diligent in obtaining agency approval before
accepting new waste streams.

Regulatory inspections of the facility began
as early as 1963 in response to complaints from 1local area
residents of odors and surface water runoff. 1In July of 1970,
the Texas Water Quality Board (TWQB), successor to the TWPCB,
and Waller  County, filed suit against Sheridan Disposal

Services for surface water discharges in violation of its waste

003388

disposal permit. After a series of TWQB meetings and public
hearings, the suit was settled in March of 1975. The TWQB
directed Sheridan Disposal Service to provide additional
capacity for waste disposal through new treatment processes.
During the implementation of these plans the TWQE allowed
delays for Sheridan Disposal Service to acquire sufficient
capital for expansion and tc begin closure actions for the
existing impoundment. In 1979 the TWQB ordered the pond
closed. Pursuant to that order, only combustible waste for
incineration was permitted to be accepted at the site.

An initial closure plan was developed by the
TWQB and SDS which required:

] The transfer of stormwater accumulated in

the pond to the evaporation system for treatment.




o The capping of the pond using
construction debris (i.e., so0il, dirt, rocks, sand, tree
branches, rcots and stumps). Capping was limited to those
areas of the pond bottom exposed by removal of lagoon
stormwater. | ¥

o The pond levee not be disturbed during
the initial phase of closure.

) The maintenance of a two-foot minimum
separation between the top of the fill material and the pond
levee crest elevation during initial closure activities.

At this time, Sheridan began site closure by transferring

0033869

pond water to the evaporation system for on-site disposal,
backfilling the waste recovery pond and initiating pond
capping, beginning at the southwest side. Approximately seven
acres of the pond area were closed in this wmanner, with
additional capping closure activities awaiting receipt of
suitable fill materials.

By 1984, the Texas Department of Water
Resources (TDWR), successor to the TWQB, had concluded that
Sheridan Disposal Service 1lacked the technical and financial
resources to adequately close the site. The TDWR's primary
closure concerns were the potential for local groundwater
contamination and the possibility of eventual encroachment of
the Brazos River onto the site. These concerns prompted the
TDWR to notify generators and transporters of waste materials

managed at the site of their potential responsibility for




closure. The agency offered these parties an opportunity to
voluntarily assume this responsibility as an alternative to
ranking the site under the National Priorities List (NPL) for
Superfund action under the Comprehensive Envircnmental
Response, Compensation, and‘Ligbility Act of 1980 (CERCLA).
. In response to this notification, the Sheridan
Site Committee, composed of more than 50 of the affected
industrial waste generators and transporters, was formed. The
Sheridan Committee coordinated the efforts of the group in
responding to the  TDWR. Shortly  thereafter, Resource
Engineering, 1Inc. was retained to provide technical assistance
in developing this response.
Since February of 1984, the Sheridan Site
Committee has submitted a series of site assessment reports to
the TDWR for consideration as the basis for facility closure.
The discovery of polychlorinated biphenyls (PCBs) in the pond
at concentrations greater than 50 ppm brought the Environmental
Protection Agency (EPA) into the project through their
jurisdiction under the Toxic Substance Control Act of 19876
(TSCA) . In March of 1985, a combination facility closure plan
and TSCA chemical waste landfill permit application were
submitted to the TDWR and EPA Region VI. Subseguent to this

application, the EPA decided that the site should underge

RESOURCE ENGINEERING
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closure under CERCLA. The Sheridan Steering Committee has
responded by developing this Source Control Remedial
Investigation (RI} report as a summary of all &ite
investigations conducted in accordance with 40 CFR, Part 300.
The SDS site was formally proposed for thg_Ngtipp?l Priorities
List (NPL) on June io, 1986. |

The Sheridan Disposal Service site has a
background of more than two decades of operational history,
regulatory actions and significant events. An overall site
rlot plan showing the various on-site facilities is presented

in Figure 1-4. Table 1-1 provides a detailed site timeline

003391

history of these major events relative to site operations.

l - 10
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. 1.1.4 Site Ownership < The site is currently owned

by Mr. Duane Sheridan of Clarke Bottom Road, Waller County,
Texas. A legal description of the area cited by the Texas
Department of Water Resources is:
“An area in the northeast portion of a

T TTe96.5-acre tract in the Thomas Stevens survey,
Abstract #57 (deed from A.S. Fletcher and wife
to Duane Sheridan, January 3, 1948, Volume
108/39) in Waller County, Texas, adjacent to the

Brazos River and about 2 miles northwest of the

intersection of Clarke Bottom Road and FM 1736

0034009

in Waller County, Texas®.

Sheridan Disposal Service 1is registered as a
corporation with Mr. Duane Sheridan as President, Mr. Pat John
Sheridan as Vice President, and Mr. Rupert D. Sheridan as
Secretary/Treasurer/Director.

1.1.5 Physiography/Topography - The site has a slope

of 1less than 0.3% to the south~southwest away from the Brazos
River. Clark Lake and its intermittent tributaries are the
initial collectors of stormwater runoff, with wultimate

stormwater drainage being to the Brazos River via Donahoe

Creek. Chapter 5 presents a more detailed description of

surface water runoff and flood patterns.

1 - 29
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Figure 1~5 is a topographical survey of the

site prepared from aerial photographs in 1984. It should be
noted that since that time the evaporation system levees and

the pond levees have been strengthened and raised.

1.2 Nature and Extent of the Problem

1.2.1 Waste Quantities and oQuality - The major

sources of contamination are the pond sludges and contaminated
subsoils, the pond 1levee/dike, and the evaporation systenm
surface soils. Photographs of the pond are shown in Fiqure
1-6. The extent of contamination in the pond levee/dike, and

evaporation systern soils, will be further defined in field

003411

investigations planned for the Summer of 1987.

' The pond contains approximately 105,000 cubic
yards of organic sludges which are approximately 50% by weight
‘ water and volatile organics, 30% nonvolatile organics and 20%
‘ inorganic materials. The priority pollutant organics present
are primarily toluene, ethyl benzene, xylenes, benzene, styrene
and other aromatics:; phenols: and traces of chlorinated
solventsl such as tetrachloroethylene and trichloroethylene.
Polychlofinated biphenyls are present at concentrations up to

223 ppm on a dry weight basis.,

l1=-31
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Chronic and potential carcinogenic long~term effects
will be discussed in the Site Endangerment Assessment.
However, a rat oral acute toxicity study was conducted to
determine short term effects of the pond sludge in May of
1986, No acute toxic effects were cbserved at a dosage level
of 5050 mg sludge/kg rat body weight. An LDyg greater than
505¢ mg/kg suggests this material is only slightly acutely
toxic.

The pond waste has stratified into a surface oil
layer, an aqueous phase and a heavy sludge layer. The surface

0il layer (less than two inches in thickness) currently covers

003413

an average of 20% of the pond surface area depending upon wind
conditions, and is a significant evaporaticn barrier. The pond
. aqueous phase is approximately two feet in depth and currently
amounts to about 8 million gallons of stormwater storage.
Analysis indicates the pond water is contaminated with the
following priority pollutants in decreasing order of
concentration: phenol, trichloroethylene, toluene,
tetrachloroethylene and isophorone.

The pond levee system was constructed from
surrounding clays and combustion residues from waste burning.
A significant amount (approximately 10%) of the levee material
may ke ash residue from a waste stream characterized as a

diatomaceous earth filter aid wetted with a petroleum cil.

1l - 33
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This filter cake waste contained unspecified crgano-metallic

chemicals as well as insoluble barium and zinc salts. A "umbeyr

of drums have been incorporated intc the levee structure in the

north and west sections.

The evapcration systenm consists of 42 acres of

water retention gells which were constructed in 1976  for

evaporative treatment of pond stormwater. The system has

reportedly managed more than 40 million gallons of wastewater

since 197¢, Sampling conducted in 1984 and 1985 by Resource

Fngineering indicates that the 80il has elevated levels of

¢hromium, lead, and zinc at depths ranging to three feet in

various cells. As part of the Supplemental Sampling and

Analysis Plan (SSAP), additional sampling to depths greater

than three feet will be conducted in order to establish the

extent of contamination. Analysis to date suggests that the

cells closest to the point of stormwvater introduction have the

highest levels of contaminants. To date priority pollutant

organics found were in the evaporation system only in areas of

surface sludge contamination, and included: phenol,

ethylbenzene, toluene, benzene, 2-4-dimethylphenol,

tetrachlorocethylene, and N-nitrosodiphenylamine.

The groundwater flow direction of the water

table aquifer is predominantly toward the nerth-northwest and

it discharges into the Brazos River.

Groundwater flow
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direction is variable and is dependent on the Brazos River

water level.

1.2.2 Near Future Impacts <~ An ecological survey of

the site indicated no detrimental effects upon the flora and
fauna due to the presence of the site except for direct surface
contact with surface oils in the pond (Chapter 7. 0)

A Groundwater Migration Management RI report
will address the potential impacts on 1local drinking water
supplies, water table aquifer and the first confined aquifer.

Preliminary evaluations of recent air
investigations by the EpA's Emergency Response Team and
Resource Engineering indicate that the site does not
significantly impact local air quality (Chapter €.0). This
will be further evaluated in the Endangerment Assessment.

The site has been stabilized and stormwater
accumulation is being managed by removal of floating oil on the
pond. Approximately 20 million gallons of accumulated
stormwater  has been moved to the evaporation system and
evaporated. If left wunmanaged, the most significant near
future impact would be the potential for discharge of
contaminated stormwater from the pond into Clark Lake and the
Brazos  River. As discussed in Chapter 5.0, stormwater
accumulation could result in dike overtopping within 3-5 years,
if not managed.

The Brazos River Bank north of the pond is

currently eroding at an average rate of less than two feet per
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year. At this rate it will be over 100 years before the river

intrudes upon the site.

1.2.3 Past Remedial Actions at the Site -~ Remedial

actions at the site began as early as March of 1975 when §DS

received an operating permit from the Texas Air Control Board

(TACB) for a liquid waste burner. In  addition to direct waste

incineration, the system was used as a boiler/evaporator for

treatment of the pond waters.

In February, 1976, the Texas Water Quality

Board (TWQB) 1issued amendments to the <facility's operating

permit. One of these amendments required the facility to meet

a schedule for the dewatering and closure of the pond. In May

of 1976 Sheridan Disposal Services began operating a TWQOB

approved 42-acre “evaporation irrigation" system for <treatment

of the pond waters. The system reportedly treated cver 40

million gallons of water during the period from May of 1976

through 1984. Sampling conducted by the TWQB and Resource

Engineering indicates that organics and heavy metals were

reduced in concentration as the impoundment waters passed

through the evaporation systewn treatment cells primarily

through biodegradation, sorption to soils, and evaporation.

(See further discussion Section 3.1.3.) Evaporation system

treatment of the wastewater prevented major discharges to Clark

Lake and the Brazos River as well as possibly preventing a

catastrophic failure cof the pond dike system.
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. In April of 1984, the Sheridan Site Committee
pursuant to TDWR direction initiated remedial actions at the

site. These actions included:

(1) Approximately 11.5 million gallons of
pond water were transferred to the evaporation system for

on-site management. . b e TR e T LT

ey v

-

(?) The pond and evaporation system dikes
were repaired, strengthened and raised.
(3) Approximately 6,000 gallons of floating

0ils were removed from the pond and placed into on-site tanks.

003417

1.3 Summary of Site Investigations - Numerous

investigations have been conducted to identify site

! . conditions. The initial site assessments were conducted by the
\ Texas Department of Water Resources (TDWR) and its
predecessors. These assessments consisted of facility
inspections and 1limited sampling Dbeginning in 1962 and
increased in scope in later vyears. Sampling included
groundwater, pond sludge, pond water, Cclark Lake, and
evaporation system water and surface soils. A discussion of
the significance of these data is presented in Chapter 3.

In July of 1983, an EPA Field Investigation Team
(FIT} conducted a site survey Background data was collected _
for the Mitre Hazard Ranking System (HRS) model which is wused -:-'ﬁf
to evaluate site eligibility for inclusion on the National

Priorities List (NPL) under CERCLA. Various samples from the
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Brazos River, ground water, air, pond, and the evaporation
system were analyzed. Chapter 3 contains & review of these )
data. |’

Resource Engineering 1Inc. wasg retained in February of
1984 by the Sheridan Site committee to provide technjcal
assistance in developing a .clogure plan for the site. fThe
followingltechnical reports have been submitted to the Texas

Department of Water Resources and, later, Region VI of the

aQ
Environmental Protection Agency (EPA): :;
MY
O
® May 1984, “Sheridan Dispesal site Preliminary o
Site Assessment"
® July 1984, “Sheridan Disposal Site Additional N
. Site Assessment Data and Closure Concept" i
° October 1984, YAquatic Survey of Clark Lake at ’
Sheridan Disposal Service"
e October 1984, “Permit Application for
Constructicn of a Spur Jetty cystem on the Brazos River"
® March 1985, “sSheridan Disposal Service, Waste
Management Facility closure pPlan and TSCA Chemical Waste
Landfill Permit Application" I

o August 1985, "Quality Assurance Project Plan
for Sheridan Disposal service Field Activitiesg®
® August 1885, "Hydrogeologic Investigation Plan

for Sheridan Disposal Service Field Activitjes"
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. September 1985, “Sampling and Analysis Plan

for Sheridan Disposal Service Field Activities"

The most recent site investigation was conducted from
November, 1985 through  January of 1986, The field

investigation plans were devglppg%wmigwwgg§gpnse.‘to EPA's July

15, 198% technical review of existing site information.
Additional site hydregeologic information and so0il
characterizations were required to complete this site Remedial
Investigation (RI) under CERCLA guidance.
The additional hydrogeclogic investigations consisted

of:
° Three additional borings in the evaporation

system area.

° Three shallow slug test piezometers to

determine permeability of upper clay layer {in situ
permeability).

® Eight piezometers and two wells in the water

table agquifer and the confined agquifer for pump tests to
further define aquifer characteristics.

® Weekly static water level measurements during

field activities to define ground water flow patterns.

The sampling and analysis investigations consisted of:
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o Sediment sampling of Clark Lake for GC/MS
priority pollutants and pesticides.

) Soil sampling of the evaporation system test
plot for contaminant indicator parameters of oil and
grease and selected heavy metals.

L) Sampling of the evaporation system cells to a
depth of 3 feet for contaminant indicator parameters ﬁnd
GC/MS analysis of selected samples.

® Background scil sampling and analysis

Following submittal of a draft RI in July of 1986,
EPA determined that additional hydrogeclogic investigations as
well as further soil sampling would be required. A Groundwater
Migration Maznagement RI will report on the results of the
hydrogeoclogical investigations. A separate report will contain

the results of the evaporation system and levee soil sampling.

1.4 Remedial Investigation Report Overview - This

Remedial Investigation (RI} report is a summary of all
applicable data on the Sheridan Disposal Service Site including
the results of field investigations requested by the EPA in
June, 1985,

Chapter 2 discusses the site features including local
population statistics, land use, surface water uses,

groundwater resources, and a sumnmary of local meteorolcygy.
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Chapter 3 describes the waste guantities anu

characteristics at the site. Available analytical data are

reviewed for the pond sludge, pond waters, and evaporation

system. The chemical fate and transport of the wastes is also

discussed.

Chapter 4 details the regional and site specific

geology, regional and site-specific hydrology and soil. This

chapter provides an interp_:tation of (geologic  processes

resulting in the depositional sediments which serve as the host

geology of the site and an evaluation of site groundwater

hydrology and the relationship between the shallow unconfined

water table agquifer and the confined aquifer.

Chapter 5 describes the area's surface water

hydrology, including stormwater runoff. Analytical results of

samples collected from <Clark Lake and the Brazos River are

discussed.

Chapter 6 reviews available data on atmospheric

enissions from the site. Chemical degradation paths of the

major contaminants are alsec reviewed.

Chapter 7 presents the results of recent

investigations of the site's fauna and flora. The surrounding

ecosystems are described and the potential for the presence of

¢« ndangered species is reviewed.

Chapter B is a review of the site's present impact on

public health and a review of existing envirenrental damage

from the site.

1 - 41
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Chapter 9 summarizes the more significant results of

the Remedial Investigation Report. These data will serve as

site documentation from which Y0 prepare a Source Control

Feasibiity Study (Fs) for ultimate site remediation.

R P
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2.0 SITE FEATURES

q" 2.1

is located adjacent to the Brazos River in northwestern Waller

Demography <« The Sheridan Disposal Service (SDS) site

County, Texas, approximately 9 miles north-northwest of the
town of Hempstead. Three smaller communities in Waller .County
lie within 10 wmiles of the facility. Deerwood Lakes and
Deerwood North are Jlocated 6 miles to the east: the Rolling
Hills community lies about 8 miles east-southeast of the site,
In addition, the town of Prairie View and Prairie View A&M
University are located 12 miles southeast of SDS, as shown in

Figure 2-1.

0034273

Other communities are located in Washington County,
which 1s adjucent to Waller County, separated by the Brazos
River. The small community of Brown College, Texas lies
. closest to the SDS, approximately one and one-half miles north
in Washington County. Other communities include Washington, 8
miles to the north-northwest, and Chappell Hill, 9 miles to the
southwest. Another community within 10 miles of SDS is
Courtney, located about 5 miles +to the northeast in Grimes
County.
Demographic information was compiled for an area of
approximately 12 miles in radius (450 square miles) around the

SDS  site, This includes the towns of Hempstead, Prairie View,
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Chappell Hill, and Washington. All data was obtained from the
Donnelly Demographics data base wusing DIALOG Information
Services (1986). A data summary is provided in Table 2-1.

The 1985 estimated population for the area within 12
miles of the 5DS site 1is 15,527: this 1is an average of 35
pecple or 12 households per square mile, and a 23 percent
increase from the 1980 census. By 1990, the population is
projected to dgrow by 14.4 percent to approximately 17,767

pecple, which is equivalent to an average of 39 people or 13

L
. o
households per square mile. The number of households also <
increased from 3,545 in 198C to 5,035 in 1985. An increase in |
(>

-

the number of households to 5,830 1is estimated by the year
15%0. The average household size, 3 people, has remained
cornstant and is not expected to change through 1990.

Over 60% of the residents within the area studied
reside within the major tewns and communities described, with
sparse residences in the large rural areas closest to the SDS
site. Only one permanent residence (that of Mr. Sheridan) is
located within 1 mile of the site., However, a site caretaker
lives in a mokile home approximately 2000' southeast of the
pond. The median age of the population varies between Waller
and Washington Counties. The towns of Hempstead and Prairie
View in Waller County have a median age of 26, while the median
age of 34 in Washington and Chappel Hill in Washington County
is older. This difference is due to the fact that approx-

imately 20 percent of Washington County's population is 6% or




Total Population

Total Households
Household Population
Average Household Size
Median Household Incame

Total Population By Age
Oo- 5
6-13

14-17

18-24

25-34

35~a4

45-54

55-64

€65 +

Median Age Total Population
Median Age Adult Population

Table 2-1
‘Hempstead, Texas
1980 1985 % Charge 1990
Census Estimate 80 to 85 Projection
8,072 10,210 26.5% 11,924
2,474 3,335 34.83 3,984
6,932 9,326 34.5% 11,040
2.8 2.8 -, 1% 2.8
$14,429 $19,586 35.7% $26,259
1980 Census 1985 1990
Muber Percent Estimate Projection
8,072 100.00% 10,210 11,924
674 8.3% 9.5% 9.7%
930 11.5% 11.4% 12.1%
530 6.6% 8.2% 7.1%
1,806 22.4% 16.9% 15.6%
1,079 13.4% 13.7% 14.1%
666 8.3% 11.1% 12.5%
665 8.2% 7.5% 8.4%
663 8.2% 8.3% 7.5%
1,059 13.1% 13.3% 13.0%
25,7 27.8 28.5
36.2 39.2 39.6
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Table 2-1 (contimed)
Prairie View, Texas
1980 1985 % Change 1990
o Census _Estimate 80 t0o85 _Projection
Total Population 2,266 2,744 21.1% 3,135
Total Households 219 722 229.7% 858
Household Population 586 2,083 255.5% 2,454
Average Household Size 2.7 2.9 7.7% 2.9
Madian Household Income $18,392 $35,712 94.2% $41,078
1980 Census 1985 19380 ™~
Number Percent Estimate Projection N
<t 3
Total Population By Age 2,266 100.0% 2,744 3,115 oY
0-5 45 2.0% 6.8% 7.0% :
6-13 70 3.1% 9.2% 9.1% <
14-17 51 2.3% 11.3% 10.0% ()
18-24 1,734 76.5% 26.8% 24.5%
35~-44 54 2.4% 10.8% 11.7%
45-54 90 4.0% 7.9% 8.B%
55-64 B3 3.7% 7.1% 7.2%
65 + ¢ 3.1% 8.3% 9.4%
Median Age Total Population 21.8 23.9 24.8
Median Age Adult Population 22.2 33.1 35.0
2 -5
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Table 2-1 (contimed)
Washington, Texas

1980 1985 % Change 1870
Census Estimate 80 to 85 Projection

Total Population 1,195 1,333 11.5% 1,402
Total Households 441 507 15.0% 539
Household Population 1,195 1,333 - +11,5% 1,402
Average Household Size 2.7 2.9 -2.8% 2.6
Median Household Income $12,594 $16,524 31.2% $20,333
1980 Census l985 1990
Number Percent Estimate Proijection
Total Population By Age 1,195 100.0% 1,333 1,402 ol
0- 5 112 9.4% 8.6% 8.7% N
6-13 118 9.9% 10.4% 11.3% -
14-17 89 7.4% 5.6% 5.0%
18-24 106 8.9% 13.1% 9.8% F
25-34 157 13.1% 13.9% 17.4% =
35-44 g6 8.0% 8.6% 10.7% (s I
45-54 138 11.5% 8.8% 7.9%
B5~64 135 11.3% 11.5% 10.5%
65 + 244 20.4% 19.7% 18.8%
Median Age Total Population 36.5 33.7 33.4
Median Age Adult Population 50.6 47.3 44.6




‘ Table 2-1 (continued)
Chappell Hill, Texas

1980 1985 $ Change 1990
Census Estimate 80 to 85 Projection
Total Population 1,095 1,240 13.2% 1,326
Total Households 411 471 14.6% 509
Househeold Population 1,095 1,233 12.6% 1,319
Average Household Size 2.7 2.6 ~1.€% 2.6
Median Household Incame $12,656 $18,846 48.9% $26,933
1980 Census 1985 1990
Number Percent Estimate Projection

Total Population By Age 1,095 100.0% 1,240 1,326

0- 5 79 7.2% 48.5% 8.6%

6-13 113 10,3% 10.4% 11.3%
14-17 99 9.0% 5.6% 5.2%
18-24 145 13.2% 2.8% 10.0%
25-34 103 9.4% 3.8% 16.9%
35-44 94 8.6% 8.8% 10.9%
4554 124 11.3% 8.8% 8.1%
55-64 113 10.3% 11.3% 10.3%
65 + 225 20.5% 19.9% 18.8%

() Median Age Total Population 35.8 34.0 33.5

Median Age Adult Population 49.7 47.5 44.7
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=

older. Age distribution for the entire area ic illustrated in
Figure 2-2; the greatest percentage of residents is in the 18
to 24 age Dbracket, followeéd by +those 65 and older. This
population is impacted by college students, who are temporary
residents in the Prairie View area.

Prairie View, Texas 1is the most dynamic of the four
towns, with the greatest shift in population distribution. The
population has <changed from 98.8 percent Black 1in 1980 to
approximately 42 percent in 1985. This decreasing trend Iis
projected to continue through the end of the decade. The race

category listed as "other" in the Donnelly Demographics data

003430

base is increasing in Prairie View as 1is the Hispanic
community. The demographics indicate that over 75% of Prairie
View's residents are of college age (18 to 24 years) and are
probakly not permanent residents.

A shift in income is also occurring within the four
towns closest to the SDS site. Figure 2-3 illustrates the
median income for each of these communities for the years 19§90,
1985, and 19%90. Prairie View's median income increasad the
most, a 94.2 percent change from 1980 to 1985, Prairie View
has the highest median income o©f the local communities,
primarily because of the presence of Prairie View  A&M

University.
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In summary, the towns of Hempstead, Prairie View,
Chappell Hill, and Washington, Texas are growing at 3%
annually. This trend 1is expected to continue through 199¢ and
is concentrated in the existing communities. The  current
agricultural land uses near this site is expected to reﬁain
unchanged. Population and income is increasing in all four
communities.

2.2 Land Use = Land use within a four-mile radius of the
SDS site 1is agricultural, including pasture and vrangeland.
Areas used for pasture are devoted primarily to beef cattle.
Pasture areas are usually planted in Bermudagrass, Kleingrass,
or Bahiagrass. Other sections are cultivated in truck crops,
corn, sorghum, and small grains. Land not used for
agricultural purposes is ieft as woodlands, primarily oak and
cther hardwoods, and comprises approximately ona-quarter of the
four-mile radius (USDA, 1981 and 1984).

The small community of Brown College, Texas, is the
most populated area within the four-mile radius of the SDS
site, Appreximately 20 houses are sparsely scattered
throughout the Brown Ccllege area, and there are no other
communities or housing developments within the four-rile
radius. oOther urban land use within the area was discussed in

more detail in Section 2-1.
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0il and gas production wells and gravel pits also
comprise a small portion of the 1land use within a four-mile
radius of the SDS site. A land use map is provided as Figure

2~4.

2.3 Area Resources

2.3.1 Surface Water -~ Within a four-mile radius of

the SDS site are several bodies of surface water. The Brazos
River is the largest and most prominent. There are also small
lakes, stock ponds, streams, and marshlands. Location of

surface water bodies is provided on the 1land use map (Figure

003435

2-4).

Brazos River Segment 1202 forms the northern
boundary of the SDS site. Seqgment 1202 of the Brazos River is
defined by the TWC as starting at the Navasota River Confluence
(approximately 12 miles north of the site) and ending at the FM
521 bridge 1in Brazoria County. Because of upstream discharges,
this segment has been <classified as effluent limited by the
TwWC. Effluent 1limited river segments require water discharge
permits which limit pollutant discharges. Water uses include
contact and noncontact recreation, propagation of fish and
wildlife, 1irrigation, and domestic raw water supply. Base flow
at monitoring station 1202.0133 is 714.3 cfs (TDWR, 1984).

As of 1984, along Segment 1202 of the Brazos
River, 29 municipal and 18 nonmunicipal discharges are

permitted. These discharges influence the water quality which

2 - 13
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includes periodic elevations of fecal coliform bacteria and
prosphate. The Water Quality Management Program, State of
Texas Water Quality Inventory, TDWR, 1984 stated that '"elevated

levels of arsenic, chromium, mercury,

zinc and aldrin have been

found in water (in Segment 1202). The sources and significance

of these contaminants have not been determined." Of these

contaminants, zinc has been detected at levels of 118 to 13,800

mg/kg and chromium is present at levels of 19 to 302 mg/kg in

the pond sludge (Table 3-2). As concluded in Chapters 4 and 5,

the site does not adversely impact the water quality of the

Brazos River.

The

Brazos River is a mature river system

characterized by its meandering pattern. Erosion occurs on the

outside or concave side of river banks and depositicn of

raterial on the convex side, creating U-shaped meanders. Over

geologic time, continued erosion cuts the bank so severely that

the river flows through the cut bank and isolates the meander.

These isolated portions of river become oxbow lakes, named for

their distinctive shape.

within a four-mile radius of the SDS site are

two oxbow lakes, both approximately 2.5 miles to the

southwest

as shown in Figure 2-5. Smaller lakes close to the Brazos

River, such as Clark Lake, may be remnants of older oxbow lakes.

T =1
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Clark Lake, created by 2 man made dams in a

natural drainage channel, borders the SDS site on the couth and

is used as a water supply for livestock. To the southeast of

the SDS site, Donahoe Creek is dammed to form a small lake.

Scattered throughout the four-mile radius are several small

lakes and stock ponds (USGS, 1961 and 1979).

Five streams are located within a four-mile
radius of the Sheridan Disposal Services property. Beason
Cedar Creek is located 3.2 miles northeast of the facility:
Donahoe <Creek 1is Jlocated 1.3 miles to the south; and Walnut
Bayou borders the four-mile radius to the south. All three of
these streams flow from east to west and discharge into the
Brazos River.

Doe Run, 1.2 miles northwest of the SDS site,
also discharges into the Brazos River on the west bank.
Jackson Creek 1lies approximately 3.5 miles west of the
facility. This  stream flows south into Red Gully which
discharges to News Years Creek and eventually into the Brazos
River.

Four marshlands 1lie within the vicinity of the
SDS site. One is located 3000 feet east of the site boundary:
two others arxe 2.5 and 3 miles to the south; and the last lies
about 2.7 miles to the west (USG5, 1961 and 1979). Many
surface waters in the area provide habitat for water fowl

during the winter months.  An extensive discussion of natural

habitat« is provided in Chapter 7.

2 - 16
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2.3.2 Groundwater =~ Groundwater is an important

resource in the area, providing most of the water to mneet
Waller County's needs. Groundwater uszs include irrigation,
public supply, industrial, rural, domestic and livestock.
Irrigation of rice fields and pasture, and water for livestock,
are the primary agricultural uses of :éroundwater supplies.
Industrial uses include o0il and natural gas production (Texas
Water Development Board, 1967).

The Jasper and Evangeline aquifers are the
primary groundwater resources in the region. Most water wells
in the region are drilled into the Evangeline aquifer which

contains good quality water. The Jasper aquifer is the deepest

003439

regional aquifer beneath the S8SDS site. Only a few 1large
capacity wells have been drilled into the Jasper formation
within a four-mile radius of the site and its hydrology is not
fully characterized. Water quality of the Jasper aquifer is
fresh to saline. The salinity increases with depth (generally
over 1000 feet).

Limited amounts of groundwater are withdrawn
from the Burkeville agquiclude and Brazos River alluvium. The
Brazos River alluvium varies significantly in water production
depending on site specific stratum. The Burkeville aquiclude
is a clay formation between the Jasper and Evangeline aquifers
that contains thin sand lenses. These sand lenses are used for

a few domestic and irrigation wells.
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. The Brazos River alluvium is tapped for
| additional irrigation water for recw crops and pastures. These
wells range in total depth from 75 feet to 80 feet (Texas Water

Development Board, 1967). A more extensive review o©f the

regional hydrogeclogy is provided in Chapper 4.

2.3.3 S$oil - Much of the economic base of Waller
County is agriculture. Food and fiber products as well as
livestock all depend upon the s0il resource of the area.
Figures 2-6 and 2~7 map the so0il associations for Waller and
Washington <Counties, respectively. Within a four-mile radius
of the SDS site are eight soil associations--three in Waller
County and five in Washington County. Each association will be
discussed briefly. Soil series within the SDS site boundaries

. are described more fully in Chapter 4.

, Soil found in bottom 1lands and flood plains
include the Brazoria-Norwood association which includes 55
percent Brazoria, 15 percent Neorwood, and 30 percent minor soil
series. The Brazoria soil series is a reddish-brown clay to a
depth of 80 inches. Near the river channel, but higher in

elevation than the Brazoria, is the Norwood soil series. This

2 - 18

RESOURCE ENGINEERING ——




Lvre00

- ol

VNANIS IVEO40IQ NYJININE [ . ,

SYX3L 'ALNNOD HITIVAM i YOSA "3ZUAHIS NOILYAYISNOD NOS "AZANNS TOS ALNDOD HITIVM '35UN0S

4¥YN HOS TYHINID
8-T 3WN0IJ

D% o3 ) [0 JAR, H L T s s ) L

L AR M [ Ao S 4unut Ol S Ko Auwery LB AU T !

B AarUs; Fnsh ADUSE oD E
f!i!l-a.‘f;‘i!;»‘! .In!alr-.i.l.ll-j

FONTSIRNLL 3D E1I0S ANYD) DY AONYE

e A0 Dol LA Rt D !
i!!iiitﬁl}i i!‘.l‘i&!ﬂ!

211V 04 30 $U0S ANVOT DRtY 434V
O MDA FRse A, *Erinmef "
S ISR (1 PG AT T Bt SWVEE ) Yok ALSOU VO RIS SO LA D
DS AT Talagensts B
T AT Pt P 5 Db A o Aty » .
S Ay TR0 e e B B At SIS o b Py I

W AGBOy IR i ‘PR
‘»i‘;-’ffl‘lg TN 3 T a1 gt sy

SURYIIIVIA A0 FUTE ARVDT ONY AIAVTY
S A PRSP "My Ay Ay ﬂ_.

W A g l
g,gi:ﬁ!i;igti!‘!zll .l.-ll-l’l!.lk.l..

3NV 00011 40 31105 AMYDT DNY A3AY1D

or Apum
.!ﬂ:iii!-&ig;l Holy My VORI SoOue | il !

W Al B
A !i%!ilii!is ..v'l‘l.ﬁll._‘llu.

PR AP Dut A Pk !
gfa‘!!i.’;ff;\f‘c .leo.i-’!ru’!!!.-.'b

SHYXNYAYE 40 JHDBARYD ) DAY ACKVE

ey
!ai.;l.!!!i‘clifﬂalir!ivﬁip-;llii.6..!!.!...-..8.. 35..! B

M DI Dok ArmO) Dbt of 3 o)

e s0r PP S 11 A IO Surr Lk O s Apry AL Oy A i g z

BINiYNe 30 51105 A0NVS OuY ARvDT

HONTGOMERY

BALLNNOD MO N MN3I30 BNC /U VIDORY 110E Vi 0N
LERES

. , | 4 /wto

AVAHIS WWBOLSIO
NYGNI3HE

|
|




I I——

DDIAUES TYG04BI0 HYOININE
SV ALNNOD z@ HEYM
oYW HOS TIVYHIN;
4-¢ N

e

BRI NS

v ‘e
PR TEROO IO

ul!.;mgi

~—TTTT T

ww *

H T 13
- r ¥ 1 o 1

OPYLEL'T Mg

e
ADNAHIS TYROISIQ NYQININE

[THLN
AU PUT AeARY ey PUF s [P0 ABeW e At Uae(]  weUT WPy

I R R P N e ITL IR T, B )
WA AuAR]D BUP APy Ul g F AT ek e AP thae(] ALy alTRug

SONY T WD) LOH ND 53108
AWTCTORNY AZAYID 'OaNIYH] ATHOO JYHWIAN0S ONY OINIYHO 173M

LI T
WD U Pioe A bu0ias (B0 Alual put 13k AR U Uy vty

Sos Awes e Ajbuoas
Alen Pk 38 ABLONT BudON BuT BUIDLIT A ush Dl ADIR.J0W  SEMELRG TP 4

S3NVHHFL QMY SONY Te0
NG 308 ANY0T 0INIPE0 ATHODRY J¥HMINDS ONY OINIVHD 113M

IR LE.

WSO "ADIABIS NCILYAGISNOD NMOS AFAUNS OS5 ALNNQOD NOLDNIHSYM ..wo.m_..om

SO ALIDOL ApBarab Aven e Aintert BoTon Al e Hagrs B

O ALz por
ApUT U3 W i BT PUs buidD Aaed Uas}  Leawaosy suowas) sourgy |

) BONYIaN WO S I60S AQNYS ONY amvO
03NIVEQ A TE004 1¥HMIMOS ONY O3NIvE0 1130 A3 vHI0ON

11708 ABAE;D PUF ALPOL U H AL M) SO0 =1
“BTIOph AL 0F BIa)s Aljush MOIR UL Aids OF Ohi]  umub Benmapes g bbusaorny | T |

MO ADUSS DUE AUHIT: o 1T )T AN IO B PO mn. IJ
Aubis BuOCHs PUE Bu 01 Al LAl O3aD Pyl GAA0 M1PICISM0N. AN N -Aptub0. T i

——d

TR ABAPY
TRulEgh MIELADOW TBudo,s 4,Busi Of Burdopn Ajuph CasG  whnirdengy g i

-.G.]T.v
ABREPD "0 A AP0 B0 PUE BTN ANOEE Baa]  BUrgues 4R pg ¥

SONG 14N WD THOS ATD)
ANY A3AYTID O3INIYHO TTIN AT1ALVHID0N ONY Q3N vH0 113M

~ON3037T




soil contains layers of silty clay loam, silt loam, very fine
sandy loam, and clay from the surface to a depth of 72 inches.
The minor soils include the Clemville, Oklared, Sumpf, and
Nahatche series. Soils of the Brazoria~Norwood association are
used for crops, especially corn, and pasture. Pasture areas
have been improved with Bermudagrass (YSDA, 1984). o
The Brazoria Soil Association 1lies across and
along the Brazos River from the SDS site in Washington County.
The soil Survey describes the Brazoria association as "deep,

nearly level, moderately alkaline, clayey soils" (USDA, 1981).

This assoclation consists of 45 percent Brazoria soil and 55

D034453

percent minor scils including Asa, Belk, Clemville, Kiomatia,
Norwood, and Oklared soil series. The Brazoria soil is a
calcareous clay to a depth of 60 inches with slopes of zero to
one percent. Soil uses include crops and pasture, with a high
potential for good yields. Pasture areas are especially suited
to coastal Bermudagrass (USDA, 1981).

The final soil association located in bottonm
lands 1is the Bosgue-Trinity, described as “deep, nearly level,
moderately alkaling, loamy and clayey soils" (USDA, 1981},
This association cénsists of 40 percent Bosque, 40 percent
Trinity, and 20 percent Xaufman soil series. The Bosgue soil
series contains layers of c¢lay loam, and loam, to a depth of 60
inches. The Trinity soil wvaries from dark-gray clay to very

dark-gray clavy to a depth of 80 inches. Both soils are

2 = 21
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calcareous throughout the profile., So0il wuses include improved
pasture and pecan production. Pasture is improved with
Bermudagrass and Kleingrass (USDA, 1981).

Five so01l associations are found in upland
areas within a four-mile radius of the SDS site, Two
particular to  savannahs, are the Tabor-Tremona-Chazoé and
Kenney-Tabor-Chazos soils associations. The  Tabor-Tremcna-
Chazos association is located in Waller County, east and south
cf the site. Described as '"gently sloping to sloping,
moderately well drained and somewhat poorly drained, sandy and
loamy soils"™ 1in the county soil survey, this association
consists of 25 percent Tabor, 18 percent Tremona, 12 percent
Chazos, and 45 percent minor soil series (USDA, 1984).

Tabor soils are found con hillsides and consist
of fine sandy loam to 15 inches in depth, changing to clay from
16 inches to 69 inches in depth. Located on foot slopes, the
Tremona soll series includes layers of loamy fine sand to 26
inches, 22 inches of clay, and 7 inches of sandy clay. The
Chazos series 1s located on ridges and breaks. It contains two
layers of loamy fine sand to a depth of 15 inches, underlain
with 40 inches of clay. Minor so0il series include axtell,
Crockett, Lufkin, Radar, Styx, and Straber.

Native vegetation of the Tabor-Tremcna-Chazos

association  includes tall grasses and scattered hardwoods.

2 - 22
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Presently, the area is used mainly for pasture

and range.

“Some areas are cropped to corn, cotton, forage sorghum, grain
sorghum, small grains, and truck crops" (USDA, 1984).

The Kenney-Tabor-Chazos association in Waller
County consists of sloping, well to moderately gﬁ};“drgineq,
sandy and loamy soils. This association containsw-ﬁl percent
Kenney soils, 15 percent Tabor, 8 percent Chazos, and 46
percent minor soil series. Kenney soils are found on ridges
and side slopes, and consist of two layers of loamy fine sand
to a depth of 62 inches underlain with 18 inches of sandy clay
loam. The Tabor and Chazos soil series are desc-ibed above.
Minor soil series within this association include Axtell,
Monaville, Nahatche, Roda, Styx, and Tremona.

Tall bluestem, Indiangrass, shrubs, and
scattered oak are  the dominant native vegetation, The
Kenney-Tabor-Chazos soil association is used mainly for pasture
and crops. Pasture areas are planted in coastal Bermudagrass
and Bahiagrass while watermelons, truck crops, peanuts, and
corn are the major crops grown. Grazing is carried out in
wooded areas”(USDA, 1984). |

In Washirgton County, three upland soil
associations are found within the four-mile radius of the SDS
site. The Carbengle-Klump association is descyribed as
"moderately deep and deep, gently sloping and sloping, slightly

acid to moderately alkaline, loamy and sandy sSoils"™ (USDa,

2 - 23
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1981). Slopes range from one tc eight percent. Thirty percent

of the association is Carbengle series, 25 percent Klump, ang

45 pPercent  minor 80ils such as Bosque, Brenham, Cuero,

Frelsburg, Knolle, and Renish.

The Carbengle soil series contains 34 jinches
cf calcareous clay loanm underlain with greater than 34 inches

of sandstone. The Klump soil consists of three layers: 1) a
loamy sand to 13  inches; 2) sandy clay loam from 13 to s0

inches; and 3) sandy loam below 50 inches.

These layers range

in pH from slightly to strongly acid. The area ig Cultivated

in native ang improved grasses, and is suiteq to

Bermudagrass,
Kleingrass, and Bahiagrass. This soil association has a medium

Crop potential.

The Frelsburg-Latium s0il association consists

©f moderately alkaline, Calcareous, clay soils, Slopes range

from 1 to 12 percent, The association contains 35 percent

Frelsburg soil, 35 bercent Latuim,

and 30 percent minor soils
including Bleiblervilie,

Brenham, ang Trinity. Both the

Frelsburg and Latuim serjes are clay throughout the s01l

profile. Most of these soils are cultivated in improved ang
native pasture with species Previously mentioneq.

The final goji1 association within a four-mile

radius of the SDS site is the Chazos-Tremona-Crockett. This

association contains deep, sloping, medium acid, sandy and

003446
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loamy soils. Slopes range from 1 +to 8 percent. The Chazos

series makes up 25 percent of the soils, Tremona 15 percent,

Crockett 15 percent, and minor soils 45 percent. Chazos and

Tremona soil series were described previously. Crockett soils

consist of fine sandy loam to a depth of 7 inches, underlain

with a clayey subsoil to 60 inches in depth. Minor soil series

in this association include Axtell, Padina, Silawa, and Tabor.

The area is used for improved pasture and rangeland, while

small areas are cultivated in truck crops.

2.3.4 Other Resources ~ Other natural resources of

impertance to the area are sand and gravel, and oil and natural

gas. A few sand

003447

and dravel pits are located near the Brazos

River. The closest mining of these materials to the SDS site

. 1s locate. approximately four miles east, as indicated

Figure 2-8.

in

01l and gas production is limited in

northwestern Waller County and eastern Washington County. More

extensive fields with higher annual production are located in

southern Waller County near Katy, Texas. Approximately 3000

feet west of the SDS property boundary are two natural gas

production wells.

2.4 Climatology - The climate of the Sheridan Disposal

Services site 1is generally maritime, characterized by hot

summers and cool winters with fairly uniform precipitation
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throughout the vyear. During the winter, occasional surges of
polar air cause in a drop of normally mild temperatures.
Precipitation "is uniformly distributed throughout the year,"
with peak rainfall occuring in the spring and autumn (USDa,
1984). Snowfalls are rare in the area.

Temperatures in the winter average 55 degrees F with
an average daily minimum of 44 degrees F. During the summer
months, the average temperature is 83 degrees F with an average
daily maximum reaching approximately 95 degrees F (USDa,
1984). Temperatures of more than 100 degrees F have been
recorded for the months of June through September (NOAA,

1982). Figure 2-9 shows the monthly range of average

00344°9°

temperatures and recocrd highs and lows.

Relative humidity for the area averages about 60
percent by mid-afterncon and increases during the night to
reach a maximum of 90 percent at dawn. The prevailing wind
direction is from the south-southeast, averaging about 9 miles
per hour (USDA, 1984). A wind rose is provided in Figure
2-10. Meterological data is taken from the closest available
locations and is representative of regional conditions.

Total precipitation averages approximately 40 inches
per vyear with monthly averages ranging from 2.08 inches to 4.75
inches. The wettest months are February, April, May, June,

September, October, and December, as 1illustrated in Figure

2-11, Thunderstorms are common during the summer; occasionally

2 = 27
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violent weather, such as tornadoes ard severe thunderstorms
occur. There is adeguate annual precipitation for cotton,
small grains, and feed grain production in the area (USDa,
1984).

Net precipitation allowing for evaporation for the
area 1is approximately =15 inches per vyear, calculated from
average annual rainfall and average evaporation rates (USDa,
1984; TWDB, 1975). Rainfall usually exceeds evaporation in the
winter wmonths as shown by the bar graph in Figure 2-1l0.
Climatic effects on surface water vrunoff and storage will be

discussed in further detail in Chapter 5.

2 - 31
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3.0 HAZARDOUS SUBSTANCES INVESTIGATION

Sheridan Disposal Services (SDS) operated a commercial
industrial waste disposal facility £for approximately 25 vyears
beginning in  the late 1950s. The facility's operations
included open pit burning, surface impoundment disposal, land
irrigation{evagpg§;}9n treatment of impoundment wastewaters and

incineration/evaporation of 1liquid wastes and impoundment

wastewaters.
SDs  accepted a wide range of wastes from a broad |
cross-section of Gulf Coast industries. Sources of records on i;
waste types and volumes generally include: S§DS operating (N
reports to the state regulatory agencies and shipping manifest gg
records. A survey of the available records indicates 217
. generators have contributed waste to the site, and 43

transporters shipped the wastes.

Table 3-1 lists of general waste descriptions found in
manifests and other records. These descriptions show that a
wide range of petrochemical and general industrial wastes were
disposed of at the site. From available records it is
estimated that the total amount of wastes received by the
Sheridan Disposal Services site exceeds 85 million gallons.

The major  waste management  areas were the pond

impoundment, pond levees, process equipment on the pond levees

and the evaporation system. Figure 3-1, a site plot plan,

illustrates the 1locations of these areas. The results from

remedial investigations of the volumes and waste
3 -1




cabalt
Alkyl Benzenes

Ammonia Bromate, Water

& Misc. Chemicals
Benzene, Ethers, Methylchloride
BS&W Clils

Butyl Acrylates

Calcium Arsenate

Caustic and latex Polymer
Copper Chloride Powder Catalyst
Diethylene Glycol, Resin, w/Toluene
Drilling Muds

Drum Washing Residue

Fatty Acid Esters

Fatty Alcchols

Filter cake Residue

Furfural, Butadiene Copolymer
Glycol Still Bettems
Herbicides

Rydraulic Cils

Insecticides

Table 3-1
Manifest Descriptions of Waste Types
Alcahol, organic phosphorus compourds, Kervsene & Grease

Barge, RR Tank Car Washings, TNK Washings,

Kitchen Grease & Water
Methacrylate
Molasses & Water

0ily Wastewater
Organic Pond Wastewater

Organic Sludge, Skimmirng, Kerosene
and Mineral Spirits

Phenol Formaldehyde

Pickling Acid

Polyethylene, Diatocamacecus Earth
Process Wastewater

Soap

Sedium

Sodium Hydroxide

Sour Crude 0il

Spent Chlorinated Solvents

Spent Neavspaper Inks and Solvents
Styrene & Ethylbenzene Bottams
Styrene Monamer w/Diesel
Vegetable Oils

Waste Chiemicals

Water & Oil
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characteristics in these areas are discussed in the following

section.

3.1 #aste Characteristics

3.1.1 Pond Impoundment - The pond impoundment was

the original waste management area at the Sheridan Disposal
Services site., The original waste disposal practice at the
site involved open burning of wastes and disposal of any
residue in a small, natural depression on the Sheridan
property. As the volume of wastes increased, surrounding soils
and combustion ash were used to construct a dike around the
pond. The pond water surface area has ranged from 12 to 22
acres depending upon the water level and the time period.

5DS began initial closure actions in 1979,
Approximately five acres of the pond in the north section were
covered with construction debris and dike material. An
additional two acres of the southeastern portion of the pond
were also capped utilizing waste fill and on-site soils. The
pond wastes have stratified into three layers: sludge,
cortaminated stormwater, and a floating hydrocarbon layer.

The pond contains approximately 105,000 cubic
vyards of sludges; they consist of approximately 50% by weight
water and volatile organics, 30% nonvolatile organics, and 20%
inorganic materials. See Appendix 3E far calculations. This
includes sludge which has seeped into the pond 1levee or has

been covered by closure activities. Surveys conducted by

RESOURCE ENGINEERING —




Resource Engineering in March and May of 1984 (refer to Figure
3-2) and the Texas Department of Water Resources in September
1984 indicated that pond eludge depth ranged from 4" to 3'gn
and averaged 2'. Sludge depths in the levee ranged from 4' to
6"l based on borings- cbnducted by REI in April of 1984, An
average sludge depth of 3' was assumed by volumetrically
averaging the pond and levee sludge depths.

Assuming 3 feet of contaminant migration into
the subsoils, there is a potential for an additional 60,000
cubic yards of contaminated subsoils beneath the pond sludge.

This is an assumption based on the extent of organic and

metallic species migration in the evaporative system soils.

The EPA has recommended that a conservative estimate in excess
of three feet be used in developing remedial options. A conser-~
vative estimate of 10 feet of <contaminated subscils is
equivalent to approximately 200,000 cubic yards of contaminated
soils. Supplemental remedial investigations will provide
additional information on the extent of contaminated subsoils.
Sampling and analysis of the sludge has been
conducted by the Texas Water Commission's predecessors, an EPA
Field Investigation Team, and by Resource Engineering, Inc.
Resource Engineering obtained pond sludges samples in March and
May, 1984. Figure 3-2 shows depth of pond sludge and the loca-
tions of these sample points. All sludge samples represent

composites of the entire sludge layer through to the underlying

s0ils.

RESOURCE ENGINEERING —
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Table 3-2 is a summary of available inorganic

analysis data on the sludge. The data spans a period from 1973
through 1984, These data are presented for historical purposes
and should not be considered directly comparable. Data
comparisons must consider the differences in analytical
techniques, sampling procedures, preservation techniques,
detection 1limits, and quality assurance procedures utilized
over the 12-year period.

Quality assurance/quality control documenta-
tion 1is available only for the May, 1984 Resource Engineering,

Inc. and July, 1983 EPA Field Investigative Team (FIT)

003461

analyses. Analytical results from the May, 1973 sampling
conducted by the Texas Water Quality Board (TWQB) is considered
. qualitative only due to a lack of QA/QC data. The March, 1976
TWOB data is considered semi-quantitative since QA/QC
documentation is not available. The earlier samples obtained
by the TWQB were obtained before comprehensive EPA protocols
existed for both sampling and analysis procedures. In
addition, information on chain-of-custody procedures, samples
preservation, and laboratory analytical QA/QC data is not
available. Complete laboratory QA/QC data on spike recovery,
duplicate analysis, blank results, and eguipment calibration is

not available for any data prior to 1984.
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The major, toxic, heavy metals of concern are
zinc, chromium, nickel, and lead. The major inorganics are
salts of calcium, aluminum, sodium, magnesium, and possibly
barium and iron. Inconsistencies in comparing TWQB, EPA and
Resource Engineering, Inc. data are believed to be due
primarily to the heterogeneous nature of the sludge and
differing analytical test procedures. The most recent data are
believed to providelthe most reliable sludge characterization.

The results of an X-ray diffraction analysis
cf the pond sludge are presented in Table 3-3. Quartz and

cristobalite, feldspar, 1illite and kaolinite are all common

003463

¢cil minerals. The barium sulfate and calcium sulfate hydrate
are salts which were probably introduced with the wastes rather
than present as the natural, wmwineral forms of barite or
gypsum. It is important to note the presence of kaolinite clay
minerals in the sludge, since they affect heavy metal migration
as discussed in Section 3.2.1.

Additionally, the Resource Engineering, Inc.
sludge samples of March, 1984 were analyzed by drying at 105°C
and ashing at 550°C to obtain a qualitative indication of water
and volatile organics, nonvolatile organics and inorganic
constituents., Table 3-4 presents these results.

As indicated, the sludges contain

approximately 50% by weight water and volatile organics with

RESOURCE ENGINEERING ——




the "dry weight"

organic and 40% inorganic materials.

Composites of each set of
obtained by Resource Engineering,
were analyzed by Gas Chromatography/Mass

for organic priority pollutant compounds.

presented in Table 3-5.

® Volatile Aromatics - toluene,
benzene;
° Volatile Chlorinated Solvents -

1,1,1 trichloroethane, and trichoroethylene:

composition of the sludges consisting of 60%

Inc. in March and May, 1984

Spectrometry (GC/MS)

The major compounds detected were:

tetrachlorgethylene,

sludge samples

The

results are

ethylbenzene, and

003464

isophorone,

[ Phenols - phenol: 2,4, dimethyl phenol;

[ Polynuclear Aromatic Hydrocarbons
naphthalene, fluorene, phenanthrene and anthracene; and

] Polychlorinated Biphenyls =

Aroclor 1260.
Other organic compounds

and €3 alkyl-phenols, aromatic hydrocarbons,

ketones, alkyl benzenes and aromatic ethers.

The volatile aromatics

significant «c¢lass of ©priority pollutants

concentrations average an order of magnitude

other priority pollutants. Veolatile

approximately 5% by weight of the pond

Sludge samples from March, 1984 were

isomers Aroclor 1242 and

detected

aromatics

sludge

further analyzed by

RESQURCE ENGINEERING ——

included Cj

biphenyl, aromatic
the

are xost

present since their

greater than any

represent

composition.




Table 3-5

Pard Sludge Priority Pollutant GC/MS Analysis

Resource Engineering, Inc, Resource Engineering, Inc.
Data March, 1984 Data May, 1984
Camposite of 1S 2,3,5,7,8 Camposite of Dy~Dg

It Eem e e e e s e e sy L s e e

P P P R Iy
R * i v B RE

Volatile Fraction Campourds:

Benzene 480 >2,500
1,2=-Dichloro proepylene - BDDL <250
Ethylbenzene 740 >8,480
Methylene chloride - BMDL <250
Tetrachloroethylene 60 251
Toluene 1750 >36,600
1,1,1 Trichloroethane - BDL <250
Trichloroethylene 100 BDL <250
Acid Fraction
2,4~Dimethyl phenol 580 224
4=Nitrophenol - BVDL «<83.3
Phenol 1150 1,340
Base/Neutral Fraction Compounds:
Anthracene - 33
Benzo(a)pyrene - BMDL <32.0
Benzo (b) fluorvanthene - BMDI, «32.0
Benzao (k) fluoranthene - BMDL, <32,0
bis{2-Ethylhexyl)
phthalate - BMDL <32.0
Fluorene - 55.9
Isophorone - 93,8
Naphthalene 410 92
Phenanthrene - 42.8
Pesticide/PCB Fraction Campounds:
PCB-Aroclor 1242 143 219
PCB-Aruclor 1260 44 ND

~ Not quantified
BDL - Tentztively identified at woncentrations below method detection limits.
ND - Not detected '

Note: All sludge sasples represent coanposites of the entire sludge layer
through to the underlying clay soil.

RESOURCE ENGINEERING ——
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Resource Engineering, Inc. in April, 1984 to better define PCB
types and levels. The  results of analysis by Gas
Chromatography/Electron Capture  techniques for PCBs is

presented in Table 3-6.

Table 3-6

Pond Sludge PCB Content (March 1984)

PCB PCB Total
Aroclor 1242 Aroclor 1260 PCBs
Sample No. {mg/kg) (mg/kqg) ma/kg
2 132 0 132
3 gl 56 137
5 123 35 158
7 73 76 149
g 154 69 223
Composite 143 44 187

Total PCB levels ranged from 132 to 223 in the
sludge samples as shown 1in Table 3-6. Other samples ranged
from below detection limits to 132 mg/kg.

Samples of pond sludge were also analyzed for
hazardous characteristics under the technical standards of
RCRA. The results are presented in Table 3-7. Based on the
hazardous characteristics test results, the sludge, in its
present form, would not be classified as a RCRA hazardous waste.

3.1.2 Pond Levee - The levee or dike around the pond

has a surface area of approximately 17 acres including portions
of the pond which have been previcusly covered. The levee was

constructed from surrounding site soils (predominantly clay and

3 - 13
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clayey soils) sludge, and ash residue from the incineration
process). The elevation at the ¢top of the levee varies from
176.5 to 185 feet above mean sea level.

The treatment processes at the S8DS site are
located on the top of the levee. The treatment units included
a receiving pond, an incinerator/ evaporator, a boiler, and a
battery of 9 storage tanks. The storage tanks were used for
separation and treatment of oil/water emulsions and storage of
sclvents and fuel oils. According to an as-built site plan
prepared by O'Malley and Clay Inc. (September 12, 1972) for

SDS, the tanks vary in size from 500 to 1000 barrels. The

002468

tanks presently contain from 3 to 7 cubic yards each of bottom
sludges which appear to have characteristics similar to the
pond sludge based on observations of the tank sludges and
discussions with Mr. Sheridan. A composite sample will be
tested during preparation of the feasibility study.

Partial closure actions initiated by SDS have
resulted in portions of tlhe pond being covered with materials
such as construction debris and soils that are different in
composition from the remainder of the 1levee. The levee may
contain ash combustion residues as well as steel druus.
Additional levee soil sampling will further define
contaminaticn levels.

In Hay, 1984 Resource Engineering, Inc.
evaluated the stability of the existing levee system. Appendix

5D contains the results of that evaluation based upon cone
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penetrometer tests and soils analysis.

Quantification of the
slope stability is difficult to estimate due to the variety of
materials in the levee and the 1lack of documentation on the
construction  techniques. However, recent &lope stability
computer analysis indicates adequate margins of safety exist
due to recent remedial actions which strengthened the levee
system. Results of computations using the Simplified Bishop
Slope Stability Analysis method are presented in Appendix 5D

and discussed further in Chapter 5.

3.1.3 Evaporatijon System - The evaporation system

was developed as an on-site management method for excess pond

stormwater accumulation. In March, 1875, the Texas Water

Quality Board (TWQB), a predecessor of the Texas Water
Commission (TWC), initiated studies of the potentjial for
biodegradation of the impounded wastewater. Batch tests

indicated 30% o©f the COD was biodegradable within 48 hours
after exposure to activated sludge from an industrial
wastewater treatment plant. Chemical Oxygen Demand (COD) is a
general indicator parameter which is proportional to the total
priority pollutant organics in solution. The use of COD as an
indicator parameter in environmental engineering wastewater

treatability studies is accepted practice (Metcalf & Eddy,

1979). coD degradation rates are directly related to

degradation rates of the organic compounds of concern. Based

upon the apparent biodegradability of the wastewater, the TWQB

developed permit restrictions which required SDS to follow a

3.-.16
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formal operating procedure and schedule for dewatering the
pond. The pond wastewater was to be treated through approved
“land irrigation methods" using the adjacent farmland owned by
Mr. Sheridan.

From October through December, 1975,
approximately 100,000 gallons of pond wastewater were applied
to a 3-acre test plct to determine the feasibility of "land
irrigation" as a disposal method for pond wastewater. The
pilot study was conducted with the close cooperation of TwQB
personnel. According to an interoffice TWQB memorandum dated

February 5, 1976, the test results indicated an adverse impact

003470

upon vegetation. This was explained by TWQB personnel as
resulting from elevated concentrations of inorganic salts in
. the soil, particularly chlorides. The TWQB concluded “land
irrigation" was an effective treatment method for pond
stormwater accumulations,

SD§ began operating the evaporation system on
May 17, 1976, The system was referred to as an "evaporation/
rapid infiltration method ¢f flood irrigation®. From 1976
through 1964, more than 40 million gallons of wastewater were
reportedly transferred from the pond to the evaporation system.

Table 3-8 presents a summary of available pond
wastewater and soil leachate analytical data from the files of
the TWQB and TDWR. The data indicate that the pond wastewater
was moderately acidic, with elevated concentrations  of

dissolved inorganic salts, some heavy metals, and organics.

3 - 17
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The TDWR did not make a detailed analysis of specific organic
constituents.,

The additional data in Table 3-8 are from
laboratory soil leachate testing of the test plot and
evaporation system areas collected by TDWR. The procedures for
obtaining soil samples and conducting leachate tests were not
standardized and the analytical vresults may not be directly
comparable. The data indicate that, as the total amount of
wastewater applied to the test plot increased, the soil
leachate increased in acidity, total dissolved solids, and

Total Organic Carbon (TOC) concentrations.

003471

Table 3-9 presents an analysis of leachate
from a ‘'background" soil sample obtained by the TWQB from an
. unspecified location in the evaporation system area in November
of 197s6. Again, however, the leachability procedures for the
test were not discussed in detail and the sample represents
only one data point; therefore, these data may not be
representative.

Resource Engineering analyzed a sample of the
pond accumulated stormwater for priority pollutants by GC/MS
techniques in June of 1984. The results of this analysis are

presented in Table 3-10.

J - 18
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Table 3-8

TWOB Analytical Data on Background Soil lLeachate

Constituent

cd
Pb
Ni
Zn
Ba
Cr
Mg
Cu
Hg
Ca

Na

(Sampled 11/12/76)

Concentration in Leachate (ug/1)

<lo
<50

30

<20
100

10

3 =~ 20
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Table 3-i0

Pond Accumulated Stormwater

Priority Pollutant_GC/Hs Analysis

Compound Concentration (ug/1)

VOI at i le FraCti Qn : B B R A B S L S ra A R i T

Benzene BMDL (<500}
Ethylbenzene BMDL (<500)
Tetrachloroethylene 510
Tocluene 1610 <
Trichloroethylene 2910 M~

. . <t

Acid Fraction: MY o

2,4 Dimethylphenol BMDL (<500) Q
Phenol 3550 O

Base Neutral iiraction:

Isophorone 77

Naphthalene BMDL (<50)

Phenanthrene BMDL (<50)
Pesticide/PCB Fraction None Detected

BMDL v Tentatively identified at concentrations below the
method detection limits.

Note: These detection limits are greater than would be
expected for distilled water samples due to
interferences from other organic compounds.

3 - 21
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The data correspond well to what would be

expected to be present from earlier sludge analysis. In

addition to the priority peollutants in Table 3-10, a wide range

of carboxylic acids were found, including: benzoic acid,

toluic
acid, butanoic acid, pentanoic acid and hexanoic acid. These
compounds may be present as biodegradation products of the

aromatic and aliphatic compounds found in the sludge.

Resource Engineering, 1Inc. conducted extensjive

sampling of the evaporation system in the spring of 1984 and

winter of 1985. Figure 3-3 shows the sample locations of these
investigations. Figure 3-4 shows the locations of water
samples taken in July, 1984

to monitor water quality parameters
during site remedial actions.

The results of pond and evaporation system

water quality analyses are presented in Table 3~11. The

in o0il and grease, TOC, phenolics, BOD, and
COD levels as the wastewater retention time

overall decrease

in the evapcration

system increased indicates treatment was occurring. The total
retention for the evaporation system was estimated at one
month. Reductions in pollutant concentrations were occurring
through successful on;site treatment mechanisms.

The on-site

treatment mechanisms consisted aof primarily Dbiodegradation,

soil sorption and volatilization

based on the physical

properties and fate and transport characteristics of the

organic compounds of concern {Section 3.2).

3 - 22
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Table 3-11

Pond and Evaporation System Water Quality

(REI gdata July, 1984)

Sample No. —
Ws2 WS7 W54
Parameter (mg/1)* Pond 1;ptroduction) jMidjpg;gtl jFina;)
pH 5.4 6.9 7.4 7.6
Oil and Grease 640 129 125 74
TOC 7,130 2,958 1,413 1,180
Phenolics 13.84 5.12 1.06 c.g2
CoD 12,918 6,013 1,790 2,957
BOD 5,210 2,769 794 1,072
c1- 3,194 723 1,050 1,078
S0.= <5 <5 <5 <5
TKN &5 430 72 134
TES 768 789 1,777 528
As <0.01 <0,01 <{.01 <0.01
Ba <0.5 <0.5 <0.5 <0.5
Cu G.20 0.02 0.04 0.03
n 1.07 0.02 0.03 0.01
Cr 0.28 <0.01 <0,01 <0.01
Ca <0.01 <0.01 <0.01 <0.01
Hg <0.005 <0.00%5 <0.005 <0.005
Ni 0.13 0.1 <0.01 <0.01
Ag <0.01 <0.01 <0.01 0.11
Se <0.01 <0.01 <0.01 <0.01

* PH given in standard units,

all others in mg/1
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Heavy  metals were found 9only in trace
gquantities just above detection 1limits and <consisted of
chromium, nickel and silver,

Table 3-12 presents an analysis of inorganic
soil constituents for samples collected from the evaporation
system and “background" locations by the EPA FIT team in July,
1983. oOnly the zinc level of the landfarm soil was found to be
significantly above mean background concentrations. Total
copper, nickel, and lead 1levels were within sampling and
analytical variance ranges of the mean background values.

Takle 2-13 summarizes the analytical results

003479

from the first set of near surface (0 to 18") soil samples
obtained in  March, 1684. Soil moisture, cation exchange
capacity, and inorganic salt content are all important
parameters in assessing the fate and transport of heavy metals
in soil. The analytical data suggest that soil conditions (pH,
and cation exchange capacity) favor the fixation and
immobilization of heavy metals in the evaporation systen. Scil
metallic constituent fate and transport will be discussed
further in Section 3.2.1.

The analyses indicate that PCBs are not
present 1in the evaporation system soils, which is as expected
because of the low solubility of PCBs in water (30 to 70 ppb):

no PCBs were found in accumulated pond stormwater.

3 - 26
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Table 3-12
EPA FIT Team Sampling Anmalysis July 1983

_Concentrations (ppmy)

Brazos River
Eveporation Evaporation Upstream
Soil System Surface  System 4" Depth Sediments Mean Ambient

Constituent ME 0053 MF0054 MF9697 Backeround+
Aluminum 7,000 5,630 1320 33,000
Chromium 19 7 2 36
Barium 125 40 30 300
Beryllium 0.5 0.25 NA 0.6
Cabalt 6.67 2.5 NA 7
Copper 17.5 5 NA 14
Iron 1040 870 1710 15,000
Nickel 20 8 NA 13
Manganese 241 183 83.2 290
Zinc 149 15.5 4.5 36
Beron 10 NA NA 32
Vanadium 20 NA NA 46
Arsenic 2 1 0.5 5.4
Selenium 0.2 HA NA 0.35
Cadmiunm 0.15 NA NA <]
Lead 15 3 1 14
Ammonia 30 35 20 NA

NA - Not available

* Eastern United States average as referenced by EPA FIT Team.

3 - 27
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Table 3-13
Evaporation System Soils Analysis
(March, 1984)

Constituent IF§1 _ LF#2 _ 1F#3  IFK4  LP4S___ IF46__ IF47 _ Dike Material
Heavy Metals:

Arsenic (mg/kg) (1.43)  (1.43)  (1.43)  (1.43)  (1.43)  (1.43)  (1.43) (1.43)

Cadmium (mg/kg) (1.43)  (1.43)  (1.43)  (1.43) (l1.43) (1.43) 1.86 31.4

Chromium (mg/ky) 28.6 22.9 30.0 34.3 32.9 (1.43) 27.1 5.7

Copper (mg/Ky) 32.9 31.4 32.8 32.8 37.1 22.9 27.1 41.4

Nickel (mg/ks3) (1.43) 2.86 11.4 7.14 (1.43)  (1.43)  (1.43) (1.43)

Lead 103 55 70 66 68 62 62 121

Zinc 107 81 63 77 110 8l 66 60
pH (Stardard Units) 8.7 8.3 8.5 8.5 8.5 8.6 8.7 8.0
Hy0 wt.% 33.8 32.7 23.2 27.7 31,5 24.9 36.4 47.0
0il & Grease ppm 428 153 118 4,900 4,100 826 57 22,100
Fhenol (mg/kg) 3.6 4.0 4.8 3.2 3.6 3.3 3.0 11.3
Total Kjeldahl Nitrogen

(Pem/kag) 1,480 1,160 941 1,590 1,900 1,270 1,330 1,760
Sulfates (my/ky) 855 230 532 674 987 867 568 664
Chlorides 835 1,223 1,012 1,019 1,221 1,095 971 184
Cation Exchange Capacity

{me/100 gm) 52.2 54.6 56.1 58.2 55.8 53.7 52.0 25.7
Sodium Absorption Ratio 2.62 2.48 2.63 2.95 3.53 3.00 3.06 1.47
PCB (mg/kKg) ND(<1) NA NA NA NA  ND(<}) NA ND(<l)

NA - Not Analyzad

ND ~ Not detected values in parentheses are detection limits
(1) All samples are composites from 0 to 18" depth

See Tigure 3-3 for sample locations.

INIYTINIONT 124N0SIY
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Additional analytical results from samples
obtained in May of 1984 are presented in Table 3-14. In July,
1985 the EPA requested an additional evaporation system
evaluation. In response, the Sheridan Committee submitted in
Auqust and\ggpteg@eglof 1985, a Quality Assurance Project Plan
and a Sampling and Analysis Plan for additional field
activities, Samples were obtained from five locations in
becember 1985 to a minimum depth of three feet (Figure 3-3).
Each sample was analyzed for oil and grease, nickel, chromium,
lead, and zinc, A priority pollutant GC/MS analysis was
performed on five samples as specified by the analysis wvlan.
As required by the EPA, sampling locations for GC/MS analysis
were the 3-foot depth at sampling 1locations nearest to prior
samples #8, 10, and 12 and the worst case surface sample. The
results of these analyses are presented in Tables 3-15 and 3-16.

The samples were obtained by hand augering and
with a split core sampler. The equipment was decontaminated
between each sampling event to prevent cross-contamination. A

discussion of fieid sampling techniques and field records is

3 - 29
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~
Table 3-14
Evaporatian System Soil Analysis
(Resance fngineering Data May, 1984)
Depth 0il & Grease Chromium lead Zinc
Sample Location  (in) __mg/kg) Tk (ma/kg)  (mg/kg)
8 0-6 7,800 72 188 145
6-12 3.000 54 81 57
MY
9 U6 7,200 64 60 103 o0
6~12 3,800 62 47 52 <
My
O
O
10 0-6 8,500 78 56 100
6-12 2,700 53 48 46
11 0-6 6,60u 50 21 8l
6-12 2,900 45 10 €0
12 0-6 | 6,1.00 56 5 61
6-12 3,400 60 7 55
See Figure 3-3 for sample locations.
Note - 0il and grease analvtical results from May, 1984 and December, 1985 are
not directly comparable since different analytical methods were used.
3~ 30
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Table 3-15

Evaporation System Analysis

(Resource Engineering Data December, 1985)

0il &
Depth Grease Nickel Chromium Lead Zinc

Sample No.  Zone (in)  (mg/Kg) (mg/ka) (may/ K} (mg/kg)  {mog/kg)

Evaporation System Soil Samples:
BES=-13a 0-6 392,000 43.9 207.0 691.0 1,260
ES-13b 6-12 113,000 43.6 61.3 76.3 1,160
ES-13cC 12-18 29,500 43.7 71.1 36.8 1,270
ES-134 33-39 350 15.1 14.7 12.2 43.2
ES-13e 4B-54 385 11.0 9.0 2.1 22.1
Es5-14a 0-6 10,900 25.0 34.1 23.1 118
ES-14b 6~12 3,011 27.0 29.4 17.2 78.9
ES-14c iz-18 616 35.7 30.0 17.1 60.3
ES-14d 33-39 750 12.7 11.0 6.5 23.7
Es-15a 0-6 599 22.6 25.4 1.3 64.2
ES-15b 6-12 355 21.6 25.9 19.8 58.1
ES-15C 12-18 458 23.9 25.9 9.8 55.6
ES-15d 33-39 429 33.9 30.1 13.2 €65.4
ES-16a 0-6 402 22.7 25.7 20.2 55.9
ES-16b 6~12 752 24.6 26.0 21.0 56.8
ES-16C 12-18 527 23.0 28.1 18.8 62.9
ES-16d 33-29 578 28.6 29.5 23.8 64.3
ES~-27a 0-6 48,000 28.3 55.2 52.0 141
ES-17b 6-12 12,000 26.3 26,2 14.6 53.2
ES-17¢ 12~-18 3,526 24.0 22,0 10.3 47.1
ES-27d 33-39 776 10.5 11.0 6.0 23.3
See Figure 3-3 for sample locations.

Background Soil Samples:
BS-1 0-6 2,004 15.5 56.1 22.1 56.0
BS-2 0-6 431 24.4 18.6 12.5 47.90
BS-3a 0~6 279 12.8 6.1 <1.0 22.3
BS-3b 6~12 228 9.8 11.7 8.2 23.1

See Figure 3-5 for sample locations.

003484
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Table 3-16
' Fvaporation System Soils Priority Pollutant GG/MS Amalysis
(Resaurce Bygineering Data Deocomber, 1985)
- Cormporind 13A 13D 15D 17D S123
' (Units are mg/kg) (0-6" Depth) (33-39" Depth) (33-37" Depth) (33-39")  Background Soil
Composite
Volatile Fraction:
Benzene 67.9 ND ND ND ND
Ethylbenzene 579 ND ND ND ND
Methylene chloride ND RDL (<.014) 0.060 0.221 ND
Tetrachloroethylene 43.5 ND ND ND ND .
Toluene 263 ND ND ND ND i
Acid Fraction: _(ug/kg) :
Berizoic acid ND ND ND BMDL (<0.330) ND
2-4 Dimethyl phenol 494 ND ND ND ND
Phenol 1,470 0.236 ND ND ND
* Base/Neutral Fraction:
Anthracene ND2Z BMDL (<0.063) ND ND ND
Benzyl alcoholl ND2 BMDL (<0.330) BMDL: (<0.330) BMDL (<0.330) BMDL (<0.330) -
Dimethy] phthalate ND2 BMDL (<0.330) ND ND ND :
Di=-N-butyl phthalate ND2 BMDL (<0.330) ND ND ND
Di-N-octyl phtlalate ND ND ND ND 0.451
Fluoranthene ND2 BMDL (<0.073) ND ND ND
Naphthalene ND2 ND ND ND 0.135
N-Nitrosodiphenylamine ND2 0.075 ND ND ND
resticides/PCB Fraction: ND ND ND ND ND

See Figure 3-3 for sample locations.
Benzoic acid and benzyl alochol are non-priority pollutant compounds which were specifically quantified due to
their being common degradation products of arcmatics

2 Method detection limits were high due to sample matrix interferences

ND - Not detected

BMDL tentatively identified at concentrations below method detection limits

INIYIINIONT T24N0STY
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. contained in Section 4.0 of the Sampling and Analysis Plan in
Appendix 3C.

So0il samples utilized to determine site
background levels of trace elements and orggnics were collected
at three locations as specified by ‘the EPA; These locations
included two samples from the adjoining property to the east of )
the Sheridan site and one sample from Sheridan property, west SR
of the pond. Figure 3~5 shows the locatiocns of the background
samples and Table 3-15 presents the analytical results.

As Table 3-1%5 indicates, sample BS-1 had

significantly higher oil and grease and chromium leveis than

003486

the other background samples. Aerial photography from 1984
indicates that BS-1 may have been collected in the area of a
. former crude o0il reserve pit which may make the sample
tnsuitable as a2 background sample. GC/MS analysis of a
composite of soil background samples detected naphthalene and
Di-n-0Octyl phthalate which are compounds present in crude
0ils. Table 3-17 is a comparison of background mean values
calculated with and without sample BS-1 data. Table 3-17 data
indicate that BS-1 should not be considered a wvalid background
sample because of the large increase in confidence limits
caused by its inclusicon in the statistical base.

The existing database of three background
samples is not large enough to adequately define Lackground.
The large statistical confidence limits on  background

concentration levels in Table 3-17 will most likely decrease

3 - 33

-RESOURCE ENGINEERING ——




EVAPORATION
SYSTEM

or

0.5 1.0
SCALE IN MILES

ﬁ RESOURCE ENGINEERING INC.

FIGURE 3-8
BACKGROUND

SOIL SAMPLE LOCATIONS

SHERIDAN DISPQOSAL SERVICE




when additional background sample data becomes available,
Additional soil sampling will further define background

conditions.

Table 3-17

Mean Background Soil Trace Metals and Organics

(values in mg/kqg)

0&G Nickel Chromium Lead Zinc
BE=1,2,3a,3b:
736 + 2363 15.6 + 17.5 23.1 + 62.7 11.0 £ 24.5 37.1 % 47.4

BS-2,3a,3lb:

313 £ 335 15.7

I+

24.5 12.1

-

1s.9 7.3 #+ 1.5 3C.8 £ 44.6

5% Confidernce Limits are based on Y values corrected for sample
size and the sample standard deviation

For n=4 95% Confidence Limits = 2.78 X Sample Standard Deviation
For n=3 95% Confidence Limits = 3.18 X Sample Standard Deviation

Table 3-18 summarizes the results of evaporation system
sampling in comparison to these site-specific, background
coricentration levels. As discussed later, only sample pt. #13
was found to have metal concentration levels approaching
phytotoxic limits.,

As requested by the EPA, log~normal plots
(Figures 3~-6 through 3-15) were made of the concentration

profiles of indicator parameters at each sample location. Loy

3 - 35

RESOURCE Eﬂﬁlﬂffﬁlﬁﬁ —

"

003488




Table 3-18

Summary of Evaporation System Analytical Results

(Resource Engineering, Inc. Data December, 1985)

Maximum Depth of Elevated

Concentraticns Above Preliminary Site Background

Indicator Parameter ES13 ES14 ES15 ESié6 ES17
Cil & Grease 2.75 ft. 1.25 - l.0 ~3.5
Nickel 2.5 ft. - - - -
Chromium 2.5 ft. 0.5 - - 0.5
Lead 2.5 ft. - - - 0.5
Zinc 2.5 ft.  1.25 - - 0.5

- Within Site Specific Background Concentrations

Note: Site Specific Background Concentrations are preliminary. Additional sampling
planned for the Evaporative System includes five additional background samples.
This additional information may revise the values in this table.

INIZIINIONT FIYN0STY
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concentration profiles in Figure 3-6 through 3-15 define sample
point specific background levels. Contaminant concentrations
decrease exponentially with distance away from a point source.
The slope of 1log concentration vs. depth should be linear and
is as shown by Figures 3-6 through 3-15. If the slope of log
concentration vs depth approaches zero as background levels are
reached, then horizontal lines represent background
concentrations. If the plotted wvalues do not approach zero
slope, a corparison of the end points to the preliminary
background sample levels may be used to determine where these
concentrations are at background levels. The extrapolated
point at which the slope goes to zero represents the maximum
depth of contaminant migration.

Location 13 (Figures 3-6 and 3-7) was chosen
as a worst-case sampling point in the evaporation system, since
it is located in the inlet cell to which pond wastewater was
pumped to initiate evaporation. The upper two feet at this
location is a heavy, organic, weathered sludge. The upper six
inches of this sludge was analyzed by GC/MS for organics and
the results are presented in Table 3-16. The presence of
benzene, ethylbenzene, tetrachloroethylene, toluene,
2,4~dimethylphenol and phenol all identify this sludge as
originating in the pond. |

Figure 3-6 indicates o0il and grease levels are

above background to a depth of 2.75 feet at location 13. The

RESOURCE ENGINEERING ———
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figure shows an excellent straight-line correlation of log oil

and grease valiuyes when plotted versus depth.

Figure 3-7, a log plot of heavy metals versus

consistent with .Figure 3-6 and indicates that heavy
metals reach background ievels at approximately 2.s

depth, is

feet below

grade. GC/MS analysis of the sample at a 3 foot derth found

0.24 mg/kg phenol bPresent and trace levels of base/neutral

fraction compounds which means it is essentially

non-contaminated.

Figures 3-8 ang 3-9 plot the indicator

Parameter's Jlog concentration versus depth for sample location

14. Sample location 14 is approximately 200 feet northeast of

location 13 ag indicateq by Figure 3-3, This location is a

high point in a cel} tontaining one to giyx inches of standing

water. No surface sludge contamination is visible and the soil

is a moist, brown clay. 0il ang grease is above background to

a depth of approximately 1.25 feet, while al] of the heavy

metals are within analytical error limits of bpreliminary back-

ground levels €Xcept for zinc which parallels the distribution

of oil and grease values to the same depth of 1.25 feet.

Figures 3-10 through 3-13 plot the
bParameter distributions

indicatoy

for sample locations 15 and 16. Ssample

locations 15 and 16 are both in interior cells in the south-

central portion of the evaporation system. The so0il type in

both locations is a moist, dark, red-brown clay with numerous

plant roots in the upper 1 foct section. The data indicate

3 - 40

RESOURCE ENGINEERING — ]

03492




l d

NI INIEIINIONG FoUNos3y

————

Concentration
(mg/kg)

100000

10000

100

011 & Grease vs Depth

i

0.0

0.5

1.0

1.5
Depth {feet)

20

25




P6vec00

INC. ‘H

(1884) y1deg
0¢C S 0l

RESOURCE ERGINEERING
P

§

(B1/6u)
cozo.:coo:ou

Uidag sa 1643 INmeg,
Yidaqg sa WNIUOIY g ¢

N1498g sa UiZmmo;

U3daqg sa peay ,

Wdag sa sjoew Ragey




0il & Grease vs Depth

®

| =)
Depth (feet)

{0

0.5

1000

| =
o
e
o
| .
'
c
€
(&
c
L]
2

o~
o
R
<
=)
=
S

y .

Ol 8 GREASE Vs REPT

100
00

RESOURCE ENGINEERING INC.

ggg
HOUSTON. YEKAS

FIGURE 3-10

EVAPORATION SYSTEM

SAMPLE PT#1
A |

003495




.

967¢00

—

(108)) u3deg
0z S 0l

0l

Yideq sa s1036w Racey

ATION S}
ML

FIGURE
DAN DIERC

RESOURCE ENGINEERING INC,
ENVIROMMENTAL COMBULTANT S

Y
| -]
&

EVAPOR
4
ID

(63/6uw)
:o_uou.—coucou

| urdeq sa wniwoyImg,
U3deQ A 1939 |Nw me
uideq sa pee o,
43d8Q 84 2Uj2m,,




Loy e Q0

(38€))urdsq
ce 3l 04

L 'y
L T

W3daqg sa 8s08.9 9 110

(61/6w)
:o_“o.._wc@ucou

RESOURCE ENGINEERING Inp,

y -




86v7¢0C

&3
=
s :
(1693) uideq &
S 0c s o'l 50 00 ﬁ
3 Wy -
+ ' + + + ol S :
g 3
u

&

(6/6w) aﬂv _
U0iI0JIUBIUC] _
» &
I.iei i
001 1dag sA WNHIWOIY Jwmgy

142G $A [839INmme
y1deq sa pee o:
41deq SA Ui Zmme s

y1dsQ sa sieiow fiagen




that these two 1locations are within analytical error limits of
preliminary estimates of background. Analytical errors include
imprecision in laboratory analyses and background
characterization. Error limits are defined as 95% level
confidence 1limits corrected for the degrees of freedom in the
sample size. GC/MS analysis of the three-foot depth sample at
location 15 confirms there are no priority pollutant organic
contaminants present.

Figures 3-14 and 3-15 show the results of
analyses at sample location 17. Sample location 17 is in the

southwest corner of the evaporation system as shown on Figure

003499

3-3. The soil was observed to be a dark, moist silt, 0il and
grease is present at elevated concentrations to a depth greater

than 3.0 feet (approximately 3.5 feet by extrapolation).

Chromium, 1lead, and zinc are present at elevated levels in the
first six inches of topsoil. GC/MS analysis of the 3~foot
level detected only <trace concentrations of aromatic
degradation compounds (benzyl alcohol and benzoic acid). After
a review of analytical QA/QCc data, the methylene chloride
levels in several GC/MS results were considered laboratory
background. Figure 3-16 is an 1illustration of sampling
procedures used in obtaining evaporation system soil samples.

The evaporation syestem celle characterized by
15 sample peoints have no significantly elevated concentrations
of either heavy metals or organics. As would be expected, the

majority of contamination 1is near the point of introduction of
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pond stormwater. The cells closest tu the pond wastewater
inlet contain contaminants above background concentrations at
depths of up to 3.5 feet below grade. These levels are
primarily in surface sludges which were pumped along with pond
stormwater into the evaporation system and remained in fﬁéww
inlet cell. Additional sampling of the evaporation system is
planned in the Spring of 1987,

Based on the data available, oil and grease
and total zinc appear to be the most sensitive indicator
parameters. 0il and grease (0&4G) levels are a general

indicator of priority pollutant organic contamination as

003504

indicated by a comparison of Tables 3-~15 and 3-16. Sampling in
the Summer of 1987 will further define this relationship. Zinc
is the most mobile heavy metal of concern as discussed later in
the fate and <{ransport section (p 3-63) and as shown by the
slope of zinc migration at sample points ES13 and ES17. Zinc
has the highest concentraticon of any heavy metal of concern as -
shown in Table 3-2. Other heavy metals of concern were never
detected at elevated levels without zinc also being elevated.
For these reasons zinc and o0il and grease are appropriate
indicator parameters of site contamination.

Table 3-19 compares typical background levels,
phytotoxic levels, and maximum in-place closure concentration
levels which have been used in closure of RCRA land treatment
units. Except for the obvious sludge directly at the inlet to

the evaporation system, none of the samples had heavy metal
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concentrations in  excess of typical background levels.
Additionally, in all cases except for the inlet cell sludge,
heavy metal concentrations waere below average excessive
phytotoxic levels (Table 3-19).

Table 3«20 is a summary of the technical 1literature
estimating concentrations of trace elements considered
phytotoxic in soils. The values vary considerably because
phytotoxicity is dependent on the soil type and specific plant
species.

3J.1.4 Test Plot Area - The three-acre test plot was

used from October through December of 1975 to study the

003506

feasibility of "land irrigation" as a disposal method for pond
wastewater. The site was located north and slightly west of
the pond in a former truck garden.

Only 100,000 gallons of wastewater were
applied +to this plot:; the presence of soil contaminants was
never determined. Considering that the wastewater loading rate
on the test plot was at least an order of magnitude less than
the evaporation system area, no significant contamination would
be expected. To investigate this hypothesis, samples were
taken 1in December, 1985 at three 1locations in the test plot
area. Two of the samples were taken from 0 to 6-inch depths and
the third 1location was sampled at both the surface and at a
depth of 6 to 12 inches. The samples were analyzed for total
metal concentrations of lead, zinc, nickel and chromium as
indicators of possible contamination. Table 3-21 presents the
results of these analyses.
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Table 3-20
Concentrations of Trace
Elements Considered
Phytotoxic In Soils (PPM DW)
Concentrations as given by variocus authors
Element a b c d e £ Average
Ag - - 2 - - - 2
As - 50 25 30 20 15 28
B 30 loo - 100 25 - 64
Be - 10 - 10 10 - 10
Br - - - 20 10 - 15
cd - 5 8 5 3 - 5
Co 30 50 25 50 50 50 43
Cr - 102 75 100 100 - 94
Cu 60 100 100 100 100 125 93
. F - 500 - 1000 200 - 567
Hg - 5 0.3 5 2 - 3
Mn 3000 - 1500 - - - 2250
Mo 4 10 2 10 5 - 6
Ni - 100 100 100 100 100 100
Pb - 100 200 100 100 400 180
Sh - - - 10 5 - 8
Se - 10 5 19 10 - 9
En - - - 50 50 - 50
Tl - - - - 1 - 1
v - - 60 100 50 - 70
Zn 70 300 400 3C0 300 250 270
a) Kovalskiy v.v. "Geotechnical Environment, Health and
Diseases" in Trace Subst. Environ. Health vol 8, Hemphill,
1974

RESOURCE ENGINEERING
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b)

¢)

d)

£)

Table 3-20 (continued)

El~Bassam, N and Tietjen C. "“Municipal Sludge as Organic
Fertilizer with 8Special Reference to the Heavy Metal
Constituents" in Soil Organic Matter Studies Vol. 2, IAEA

Vienna 1977

Linzon S. N. "Phytoxicology Excessive Levels for
Contaminants in Soil and Vegetation" report of ministry of
the environment, Ontario, Canada, 1978

Fabata-Pendias A. "Current Problems in Chemical Degradation
of Soils" presented at Conf. on Soil and Plant Analysis in
Environmental Protection, Falenty/Warsaw, October 29, 1977

Klofe A. "Content of Arsenic; Cadmium, Citromium, Fluorine,
Lead, Mercury and Nickel in Plants grown on Contaminated
Soil", UN-ECE Simp. on Effects or Air~Born Pollution on
Vegetation, Warsaw, August 20, 1979

Kitagashi, R. and Yamane F. Eds, Heavy Metal Pollution in
Soils of Japan, Japan Science Society Pres, Tokyo, 1881
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Table 3-21

Test Plot Trace Element Analysis; December, 1985

Sample # Depth Chromium Lead Nickel Zinc
(inches) {(mg/kg} (ng/kyg) (mg/kq) (ma/kg)

TP=-1la 0-6 11.5 8.68 7.70 80.0
TP-1b 6=-12 9.50 7.90 7.6 26.4
Th=-2 0~6 6.70 1.30 10.5 19,7
TP=-3 0=-6 8.20 <1.0 12.4 20.8
Site Background*

BRG=-2 0~6 18.6 12.5 24.4 47.0
BS-3a 0-6 6.1 <l.0 12.8 22.3
BS-3b 6-12 11.7 B.3 9.8 23.1

*See Figure 3~17 for sample locations.

0035009
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aAll values are within the calculated
background concentration ranges except for a single, slightly
elevated concentration of zinc in sample TP-la. No areas of
organic contamination were found in the evaporation system that
did not also have elevated concentrations of heavy ﬁetals.
Since both systems treated accumulated pond stormwater, heavy
metals are an adegquate indicator for potential contamination.
The analytical results confirm that the area has no significant
contamination.

Besides the test plot area, the road network
north of the pond and the main entrance was surveyed. Soil
samples were taken in areas where spills may have occurred.
Figure 3-17 shows the sample locations and Table 3-22 presents
the indicator parameter results, Sample C-6 was taken from
weathered sludge (before cleanup) approximately 15 fest in
diameter on the bank of the Brazos River north of the pond. As
expected, the sample <continued +to have high concentrations of
0il and grease and zinc. As part of site management
activities, the Sheridan Committee removed approximately 11
cubic vyards of this material to the interior slope of the pond
levee. Samples C-10 and C-11 of remaining soils after cleanup
indicate removal of wvisual sludges was adeguate. No other
sample location but 1location (-7 indicated any potentially

contaminated areas.
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Table 3-22

Pond Road Network Soil Analysis
(December 1985 and March 1986)

Depth 0il & Grease Zinc
Sample No. {inches) (mg/kg) (ma/kq)

C-3 0-6 , 499 29
C~6 0-2 4.7% 770
c-7 0-6 6,351 119
c-8 0«6 285 28
c-10 18-24 4,956 25
Cc-11 18-24 313 32

003512

3.2 Environmental Fate and Transport - The ultimate fate

and mobility of chemical contaminants at the Sheridan Disposal

. Service site is an important wvariable in determining public
health risks and the impact of a "no action" remedial
alternative.

Since heavy metals have significantly different fate
and transport characteristics than organic compounds, they are
reviewed as a group. The ocrganic compounds of concern were
analyzed using a MacKay equilibrium model to determine in which
media phase (air, water, s0il, sediments, or biota) the
compounds had a tendency to concentrate (Appendix 3C, Section
3.2.2). The physical properties of each compound are tabulated
and the impact on transport properties is discussed. The most
significant transport mechanism, volatilization, is reviewed in

detail as well as chemical and biological degradation processes.
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trangport

The following conclusions are based on fate and

properties of the major organic compounds of concern.

Ultimate fate modeling of the organic chemicals
indicates the majority of pollutants on a mass basis
will volatilize in the air phase. Only phenols and
2,4~dichlorophenol will concentrate in water to any
significant degree. PCBs and PNAs will remain
adsorbed to soils underneath the pond and are the
least mobile of pollutants at the site,

Priority pollutants represent less than § wt.% of the
pond sludge. A majority of the priority pollutants
found are volatile compounds--predominantly toluene,
ethylbenzene and benzene. All these compounds have
standard volatilization half-lives 1less than s8ix
hours  when in pure form. Volatilization 1is a
significant transport mechanism for the organic
compounds of  concern. The primary impact of
volatilization is in considering fate and transport
of pcllutants in the evaporation system.

Most organic compounds of concern are highly volatile
from dry soils. The exceptions are: phenol, which
is moderately volatile; PCBs, which are slightly

volatile; and PNAs which are nonvolatile,
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° Biodegradation is a significant removal mechanism for
xylene, toluene, benzene, ethylbenzene,
2,4~dichlorophenol and phenol (Jamison et al., Lyman
et al., U.S. EPA, 1982). Biodegradation is the most
likely removal mechanism for pond accumulated
stormwaters treated successfully in the evaporation
system, Biclogical treatment is a potential remedial
treatment option for these compounds.

[ A literature search has indicated atmospheric and

surface water degradation rates are significant for

many organic compounds of concern (Table 3-27) .

003514

Valid modeling of off-site risks and impacts should

include these degradation rates.

3.2.1 Heavy Metals = Overall soil conditions at the

site do not favor the mobility of heavy metals. Given the clay
thickness 1in aquitard layers, heavy metal migration to
groundwater should not be a concern. The major removal
(immobilization) mechanism for heavy metals is adsorption onto
soil constituents. The major soil constituents involved in
adsorption processes include clay minerals (layered alumina
silicates), hydrated metal oxides (primarily iron oxides and
manganese oxides) and organic matter. The major soil type at
the SDS site is the Brazoria Association which is 95 to 100%
clays and has a fairly high organic matter conient of 2 to 6%.

This is an excellent soil type for immobilization of heavy
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metal species. Site boring 1logs indicate the evaporation
system is composed of Brazoria clay topsoil. Clemville (silt
loam)}) and Oklared (very fine sandy loam) soils also occupy the
northern extent of the sites. Clemville consists of 15 to 50%
clays and Oklared soils contain 10 to 44% clays. Adsorption is
also dependent wupon soil pH, oxidation-reduction conditions,
and to a lesser extent, on soil moisture and concentrations of
inorgahic salts.

The cation exchange capacity of typical soils
in the evaporation system averages 51 mil}iequivalents/loo gms

cf soll (Table 3-13). This  value indicates that the

003515

negatively-charged, clay soils at the site have a significant
capacity to attract and immobilize positively charged ions such
as heavy metal cationic species. This cation exchange capacity
is not representative of the Oklared soil type found in the
north section of the site.

Clay minerals exhibit different adsorption
preferences for various metallic species and inorganic salts.
There are a fixed number of ‘"adsorption sites" on the clay
particles; and metal species are in competition with inorganic
salts and organics for these sites. Farrah and Pickering
(1976) found the following order of preferences for different
clay minerals:

Montmorillonite: Ca > Pb > Cu > Mg » Cd > Zn

Illite: Pb > Cu > Zn > Ca > Cd > Mg

Kaolinite: Pb > Ca > Cu > Mg > 2Zn > Cd_
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The predominant clay minerals at the site are

illite and kaolinite as indicated by X-ray diffraction analysis
of the sludge and pond bottoms soils (Table 3-3}). AS
indicated, lead 1is preferentially adsorbed on all soil types,
while zinc is less preferentially adsorbed and therefcre more
mobile in general.

S0il geochemistry of metal species is strongly
controlled by the soil pH and oxidation potential (Eh). Soil
pH changes affect the surface charge on adsorptieon sites and

can solubilize solid phases of some metal species, while

precipitating others. In general, alkaline conditions at the

SDS site favor the mobility of zinc and chromium while

003516

restricting the mobility of nickel and lead.

. The oxidation potential affects stability of
hydrated metal oxides and level of microbial activity in
soils. Oxidation  potentials are lowered by  anaerobic
conditions in soils caused by high moisture content. The
stability of metal species 1is often expressed in DH-Eh
diagramrs; these outline stable zones for each metal species.
The so0il conditions in the evaporation system at the SDS site
are generally alkaline (pH 8.0 to 8.7) with 1low oxidation
potential

expected during those portions of the year when the

soil moisture content is high.

Chremium levels in the evaporation system

soils ranged from <1.4 to 56 mg/kg. The surface sludge at

sample location 13 contains chromium at levels up to 207
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rg/Kkg. The earlier sampling in May of 1984 detected chromium

levels up to 78mg/kg. The pond sludge at sample location 13 is
a different sample media which 118 not representative of the
evaporation system soils. Sample point 13 is a worst case
sampling point taken at the inlet cell to which pond wastewater
was pumped to initiate evaporation. As previously discussed
(page 3-37) the upper two feet of material at this location is
a weathered, organic sludge and not a soil sample, in contrast

to the other evaporation system samples.

Chromium mobility is inhibited by aerobic soil

conditions and high so0il concentrations of c¢lays, organic

003517

matter, and hydrous oxides of iron, manganese, and aluminum,

The existing soil conditions of high clay and organic matter

content are more significant than the anaerobic

conditions,
which favor mobility. Overall conditions in the evaporative
system do not favor chromium mobility. Considering the
relatively low levels found and its transport characteristics,
chromium is not likely to migrate.

Chromium exists in either the +3 or  +6

oxidation states; the 1latter 1is much more toxic. Eh and pH

conditions of the evaporation system probably favor the +3

oxidation state.
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Lead concentraticns In the evaporation system

s0ils ranged from 5 to 188 mg/kqg.

The sludge at sample
location 13 contained a maximum of 691 mg/kg lead, Eh and pH
conditions in

stabjility of lead carbonate (PbCO; cerussite). This cohdition

is similar to other water systems which precipitate cerussite.

The existing soil conditions of high cation exchange capacity,

alkaline soils, high clay and organic matter content indicate

unfavcrable conditions for lead mobility.

Nickel levels in the evaporation
from <1l.4 to 44 mg/kg.

system ranged

Nickel mobility is inhibited by aerobic

soils, high pH and high c¢lay and organic matter content in

soils. Existing soil properties such as high clay and organic

matter content and alkaline conditions favor adsorption of

nickel in the evaporation system. Nickel is not a concern at

the site,

Zinc levels in the evaporation
ranged from 22 to 145 my/Ka. The

system soils

range of concentrations of
water leachatle zinc in soils is from 2 to 30 mg/kg.

Among the heavy metals, zinc was found at the

highest levels both in sludge and evaporation system soils,

Soil properties indicate zinc is the least immobilized heavy

metal of concern at the site. The best correlations of heavy

metal and o©il and grease concentrations is with zinc. Because

of these factors, zinc is the best potential candidate for a

heavy metal indicateor parameter.
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3.2.2 Equilibrium Properties c¢f Organic Contaminants-

The distribution of chemicals in various environmental media

can be estimated from physical properties. A model has been
suggested by MacKay (1979) basad on a chemical's fugacity.

Fugacity is ©best defined as a thermodynamic ‘“escaping

tendency." In an environmental system at equilibrium, the

fugacity of a pollutant is the same in all phases.

MacKay's Level I model assumnes all the

environmental media compartments (air, water, soils, sediments

and aguatic biota) are directly or indirectly connected and the

pollutants have the necessary time to reach equilibrium. The

EPA has used this model in a recent series of exposure and ris™

assessment documents for priority pollutants (EPA-440/4-85-020).

Table 3-23 presents the results of a MacKay

eguilibrium model for the organic pollutants of concern at the

Sheridan Disposal Service site, Table 3-23 shows the

percentage of each compound in each media phase at equilibrium

for the site. The model 1indicates that the aromatic and

volatile chlorinated solvents will predominate in the air phase

if allowed to reach equilibrium. This is evident when

weathered sludge composition 1is compared to the pond sludge.

Without a water or 0il barrier to prevent volatilization, these

compounds would quickly evaporate from the sludge. Model

calculations are presented in Appendix 3C.
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The model predicts phenol and
2,4~dichlorophencl as the major contaminants which would be
present in the water phase. This 4is consistent with GC/MS
analysis of the pond water and the solubility data for these
‘compounds. PCBs and PNAs will remain primarily adsorbed in the
sediments. The physical properties of the major organic
compounds at the site which are most important in assessing

transport characteristics are presented in Table 3-24.

(Representative compounds were tabulated for the chemical

groups of PCBs and PNAs.) A summary of the significance of
these properties follows.

Phenol has an order of magnitude of greater
water solubility (93,000 mg/1} than the other organic compounds
of concexn. This explains its predominance in the pond
stornwater (Table 3-10)}. The volatile chlorinated solvents and

2,4~dichlorophenol are also slightly soluble, while PCBs and

PNAs are relatively insoluble. Since <chemical transport via

groundwater and surface water is highly dependent upon water
solubility, this is an important variable.

Vapor pressures, expressed in mmHg (760mmHg =
1 atmosphere), indicate chloroform, trichloroethylene, and
benzene are the most wvolatile compounds present at the site;
PCBs and PNAs are slightly to nonvolatile. A chemical's rate
of wvolatilization from water is estimated from Henry's law

constant, with volatilization rates decreasing with decreasing

3 - 68
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Henry's law constants.

Volatilization rates for the organics
of concern will be discussed further in Section 3.2.3.

The so0il adsorption partition coefficient

(Koc) is a measure of a compound's tendency tc be adsorbed by

clay minerals and organic matter. Scil adsorption tendencies

increase with increasing Koc values.

The octoncl-water partition coefficient (Kow)

is an

important parameter used to estimate a wide range of

environmental transport characteristics.

Kow is a measure of

how a <chemical is distributed when at equilibrium conditions

with water and octonol, identifying its

preferential solubility

in a two-phase water/organic matrix.

The biological concentration factor (BCF) is

the ratio ¢f the concentration of a chemical

at eguilibrium in
fish to the

concentration of that chemical in water to
which the fish is exposed.

mean

The BCF is used to determine the

significance of food chain accumulation of a chemical.

3.2.3 Volatilization -

As shown in the MacKay model,

volatilization is probably the most  important  transfer

mechanism at the Sheridan site since most of the compounds of

concern are volatile, Volatilization from the agueous phase is
deperndent upon a chemical's solubility, vapor pressure,

molecular weight, and the number and composition of liquid
interfaces it must pass

through to reach the atmosphere.

Volatilization is also dependent upon ambient conditions such

3 -7
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as wind speed, temperature, and relative humidity. Tahle

relative volatility from water

3-25
describes the

of the organics of
concern,

The EPA hasg recently

completed a ‘Study
entitled (EPA -

450/3-85-007, 1585) “"Physical Chemica)

of RCRA Wastes According to
contains data

Properties ang Categorization

Volatility® which on relative volatilization

rates from dry and wet s0ils. Table

3-26 summarizes the
available data for the

organic compounds of concern. The
relative volatility valueg are categorized Within Table 3-25¢,
3.2.4 Biodegradation - Biodegradation is a
significan

t removal mechanism for organics from

soil and water
systems, Higher

organisms can metabolize organics, but the
majority of biodegradatioen occurs through microbial
degradation, Microbial biodegradatioen is  the

treatment of

basis for
activated sludge

industrial wastewaters which

concain organics Such as phenol.

Microorganisms biodegrade Oorganicsg through

acclimation and Production of Epecifijc enzymes ror metabolism,

° oXidatjve dealkylation

as in the
degradation of Xylene and toluene;

. aromatic hydroxylation
of benzene

as in the reaction
to phenol ang catechol: and

D03525
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Table 3-25
Relative Volatility from Water of Organic Compaunds

Henry's law Volatilization
Volatility Constant Half-Life tl/,
H(AIM-M3MOL)  (Hours) (a)

The campound is less vola-  H< ax10~7
tile than water and its

concentration will increase

as the water evaporates.

The campound volatilizes at 10”7 < H <)0~5 NA

2, 4-Dichlorophencl a rate dependent on H. ‘The 5.6

gas-phase is more resistant
than the liquid vhase by at
least a factor of 10, Sliow
molecular diffusion through
air controls the rate of

volatilization.
1,1, 1~ Trichloroethane The compound volatilizes H > 10™3 3.7
Crloroform rapidly; the liquid-phase 3.7
resistance ocontrols the 4.8
rate of velatilization. 5.26
Etrylbenzene NA
3.2
Tetrachloroethylene NA
Trichloroethylene 3.4

NA = Not available.

1 meter mean depth of water body

Handbook

Iyman, W.J., Reehl, W.F., Rosenblatt, P.H. 1982.
of Chemical Property Estimation Methods,

Environmental  Behavior of Organic Compounds New York:

MoGraw-Hill.

3-73
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Table 3-26
Volatility of organics from Soil

Compound N Re;;gizgiggzysoil ‘Relasiggtgfztioil

(Pyp MW ~1/4) (Pyp MW ~1/2)
Chloroform 51.6 15.8
Benzene 34.3 11.4
l1,1,1 Trichloroethane 33.9 10.1
Toluene 8.6 2.8 -
Tetrachloroethylene 5.0 1.4 od
Ethyl Benzene 2.2 0.68 ﬁ:
(m,p,0)=Xylene 0.98 - 2.05 0.27 - 0.31 Eg
Phenol 0.2 0.064
PCBs 1.9%x10°5 4.5x10~6
PNas 4.8x10711 1.2x10-11
Source: U.S. EPA, 1985. EPA-450/3-85-007. "Physical Chemical

Properties and Categorization of RCRA Wastes according
to Volatility"™

e Highly volatile - Relative soil volatility greater
than 1.
® Moderately volatile = Relativg s0il volatility from 1
to 1077,
e Slightly volatile - Relative soil volatiiity from
1073 to 1076,
@ Nonvolatile - Relative soil volatility below 1076,
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® aromatic nhon-heterocyclic ring cleavage

as in the degradation of catechols and phenols.
The microorganisms primarily responsible for biodegradation
include = protozoa, diomycetes and yeasts, fungi, ©come
autotrophic bacteria, and heterotrophic bacteria. The majority
of microorganisms are found in the top 6 inches of soil; their
rumber averages 108/gm of soil in typical so0il systems {(Lyman
. et al,) 1982.

Factors which influence the rate of

biodegradation include:

® Ambient conditions: temperature, pH,

soil moisture content, oxygen availability, inorganic
salt concentration, and availability of nutrients

such as nitrogen and phosphorous.

e Organic compound ~characteristics:

toxicity of cormpound, 1initial concentration, soil
adsorption and water solubility properties.

® Microorganism characteristics: species

diversity, soil concentration of organisms, enzyme
metabolism systems available, previous exposure and

acclimation to the specific organic compound.

Table 3-27 is a comparison of the
biodegradability of the significant organic contaminants at the
Sheridan Disposal Service site. Although the BODs test is not

standardized, it does allow for relative comparisons such as in

RESOURCE ENGINEERING ——
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BODg/COD

Compound

Table 327
Biodegradability of Organic Contaminants

1 Biodegradation
Rate Completion &

Ratio ({Based on Aqueous COD)

(Mg C

Average
Rate of

Biodegradation

obg~1 Hr*1)

Chloroforn

Tetrachloro-
ethylene

O-Xylene
K~-Xylene
Ethylbenzene
F-Xylene
Toluene
Benzene

2,4~Dichloro-
Phenol

Phenol

Cresols

Benzaldehyde

Relatively Nonbjiodegradable

~0

-0 -
Relatively Biodegradable
<0.008 1002

<0.008 1002

<0,009 1002
<0.11 N/A
<0.12 N/A

<0.39 N/A

0.78 98.0

0.81 98.5
Common Degradation Products

0.57 - 0.68 95-9¢6

0.62

99.0

Benzoic Acid 0.

KNOTE:
1_

B4 99.0 88.5

N/A = Not available
The BOD; test 1is dependent on the
initial seed organisms and therefore
directly comparable for all compounds

acclimation of the
results may not be

Sources - Pitter (1976) and Lyman (1582)

Samison, V. W., D.L. Raymond, and J.D Hudson,

1976,
"Biodegradation of High-Octane Gasoline."
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Takle 3-27. As indicated in that table, blodegradation is a
significant environmental fate path for toluene, benzene, 2,
4-dichlorophencl and phenol, as well as for dealkylation and

kydroxylation degradation products of more complex organics,

The biodegradation rate of phenol has bheen | .

extensively studied in wastewater treatment systens. Past

studies indicate kinetic reduction rates of 0.013 ¢to 7.6
ug/l/br., The acclimation of organisms to phenol 1is the factor
which most affects biodegradation rates. At concentrations up
to 10 mg/1 almost complete degradation occurs., Oxygen uptake
in water systems is inhibited by phenol concentrations of 10 to
100 mg/l, but microcrganisms have been observed to treat phenol
levels of up to 500 mg/l successfully. Since phenocl is the
major organic compound of concern in the pond stormwater,
biological treatment is a possible remedial treatment for pond
stormwater EPA-440/4~85-013, 1981 “An  Exposure and Risk

Assessment for Phenol",

The discharge of phenol to water systems can
cause rapid growth of microbial pecpulations which can cause
dissolved oxygen levels to be reduced up to 1100%. Significant
oxygen depletion causes suffocation of fish and invertebrates.
This is the most likely explanation for the <clark Lake fish
kill which was reported in 1978. Table 3~28 is a summary of
potential effects of a phenol spill in a river systenm. It
should be noted that the pond stormwater has a phenol

concentration of 3.5 ppm which is only marginally toxic to

3 =77
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Table 3-28
Effects of a Phenol Spill on a River Systen

Phenol Oxygen
concentration Deficiency Effect
{mq/1) (¥)
3 - 10 50 -~ 90 only salmonid
population killed;
slight effect on
aquatic flora.
<3 <50 No damage.
Source: Krombach and Barthel, 1964. "Investigation of a Small
Water«Course Accidentally Polluted by Phenol <Compounds," Adv.
Was. Pollut. Res. 1: 191-203.
salmonid populations. Considering phenol alone, the effects of
a major stormwater spill would impact only Clark Lake and local
drains and creeks, The Brazos River would not be adversely
affected due to dilution considerations.
Toluene Dbiodegradation in soils is a

significant environmental fate process. The EPA reported in a

document entitled {EPA-440/485-016, date "An Exposure and Risk

Assessment for Toluene" (EPA-440/485~016) that researchers have

measured the degradation half-life of toluene to be 20

minutes in 501l with acclimated bacteria. Ul

to 60

timate

biodegradation rate completions of 20 to 6C% are observed in

tests involving toluene leachate through sandy soils.

3-18 shows the typical biodegradation pathways for toluene.

3 - 78
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The majority of the toluene at the gite is in

the pond sludge under anaerobic conditions. Anaerobic

biodegradation occurs at a rate 20 to 4o times slower than

aerobic  biodegradation, The most likely fate of toluene

transferred to the evaporation system through pond stormwater

would be biodegradation under aerobic conditions or

volatilization.

3.2.5 Chemical Transformation - Chemical

reactions

are the major removal Path for wvolatile erganics in  the

atmosphere, Atmospheric reactions occur with hydroxyl radicals
(OH™) ; ozone (O3) and through bPhotolysis,

compounds

For most organic

reactions with hydroxyl radicals are by far the most

important. Since these reactions are basically first order in

kinetics, their half-lives in the environment can be estimated.

Benzene and its alkyl substitutes
adsorb sunlight or undergo

do not

photolysis. Phiotolysis is

significant only for PCBs and PNAs, Benzo(a)pyrene, a PNA,

has been reported to have a sunlight half life of 0.045 days

and 2,2',5,5¢ tetrachlorobiphenyl a half 1life of 2.5 days

(EPA-440/4-85-019).

Aqueous hydrolysis is another significant

chemical transformation in the environment. However,

functional groups which are resistant to hydrolysis include:

® benzene

® biphenyl

3 - 80
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® polycyclic aromatic hydrocarbons
® halogenated hydrocarbons

® phencls.

This list inciudes the organics of concern at
the 5SDS site; therefore aqueoué hydrolysis is hot considered a
r.ignificant fate path.

Table 3-29 contains a summary of the
persistence of the organics of concern in both the atmosphere

and in surface water which takes into account all significant

degradation pathways.

003234
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Table 3-29
Persisterce of Major Organic Contaminants at the
sheridan Disposal Services Site
Atmoepheric Hydroxyl Atmospheric Surface
Radical Reaction Rate Half Lifel Water
Campound Koi In @43 Molec™1g71 t)/2 (Days) Half Life
_ t)/2 (Days)
Xylene 1.3 x 1071 0.62 1.5 - 9.0
Ethyl Benzene 7.5 x 1012 1.1 1,5 ~ 7.5
Toluene 5.9 x 10-12 1.3 0.17
Trichloroethylene 2.0 x 10~13 4.0 1~90
Phenol - 0.62 - 9.0 0.62 - 9.0
M&a's (Benzo(a)pyrene)? - 1.0 - 60 0.40
Benzene 1.4 x 10™12 5.7 1.0 = 6.0
2,4~ Dichloroghenol - 23 6.0
Tetra Chlorcethylene 1.7 % 10-14 47 1~ 30
Polychlorinated
Biphenyls (FCBs) - 58.0 2.0 - 12,9
Chloroform 1.1 x 10~14 73 6.3 - 30

1,1,1- Trichloroethane 1.5 x 10™15 530 0.14 - 7.0

1 - Bwirommental half-lives are based on 24-hr days assuming an atmospheric
OH~ concentration of 1 x 106 radicals o3,

2 - Benzo(a)pyrene has a reported half-life in soil of 420-480 days.

References

(a) SRI  International, June, 1979. “Atmospheric Reaction Products of
Organic Campounds, "EPA~560/12-79-001.

(b) ECAD 1985. ECAO Health Effects Assessments.
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4.0 HYDROGEOLOGY AND SOILS
The hydrogeclogical and soils investigation for the

Sheridan Disposal Service (SDS) site consisted of two main
phases:

. historical data review, and

¢ field investigations.
The historical data review was regional, while the field
investigations were site spaecific.

The historical data review was based mainly on published

and unpublished reports on the area. It yielded enough Ei
irformation to formulate a working conceptual model of the ﬁl
groundwater flow system. This model was used to design the gg g
site~specific, field investigation activities.
Twenty monitoring walls, 9 borings and 20 cone
. penetrometer coundings provided site specific, data-gathering

peints for soils, geological and hydrogeolegical, information.‘
The location of these investigations is shown bn Figure 4-3,

The following subsections present the conclusions from the
hydrogeolegic and soils investigation. Refinea  conceptual
medel and ﬂﬁthPQ%: and procedures presented in Sections 4.2 ~-
4.6 and Appendices 4A=-4H, respectively, support these

conrnclusions.
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4.1

Conclusions

The two near-surface aquifer cystems
immediately beneath the site consist of an
upper unconfined agquifer (Strata A and B) and
a confined water table aquifer (Stratum D). A
-iclay  aguitard (Steatun C) separates the
confined aqui‘fer from the unconfined aguifer.
There is the  potential for a hydraulic
connection  betwzen the water table aquifer
(Stratum B) and the first confined aquifer
(Stratum D) at the SDS site. However, the
realization of this connection is unlikely in
view of the predominantly upward gradient from
the confined aquifer.
The water table aguifer is in direct hydraulic
connection with the Brazos River at the SDS
site. The first confined aquifer may be
hydraulically connected to the Brazos River.

There are no faults or other geological

features near the site that c¢ould provide

pathways for contaminant migration to deseper

ones, .
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® There is no hydrologic pathway which would
transmit contaminants from the water  table
agquifer (Strata A and B) +hru the Brazos River
intc the first confined aquifer (Stratum D).

° Groundwater flow within the site boundary from
the upper water table (Strata A and B) into
the Brazos River is approximately 7.1 gallons
per minute {(gpm). The Brazos river flow at
Hempstead Station iz approximately 1.2 million

gpm during low flow conditions. |

4.2 Geology

003222

4.2.1 Regional Geology - The Sheridan Disposal !

Service (SDS) site is 1located in the Brazos River drainage
basin. The Brazos River flows across the Central Texas section
of the Great Plains Physiographic Province onto and across the
West Gulf Coastal section of the Coastal Plain Province. The
Brazos River discharges into the Gulf of Mexice near Freeport,
Texas.

The Brazos River drainage basin has evolved
through numerous geologic cycles. The latest cycles relate to
the episodic advance and retreat of glaciers during the
Pleistocene Epoch. The advance and retreat of the glaciers
caused periods of deposition alternating with periods of
erosion. As glaciers advanced and sea level was lovered,

streams flowing across the Gulf Coastal Plain entrenched
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themselves by eroding vertically. As glaciers retreated, sea
level rose, a2nd sediment began filling these stream channels.

Many unconsolidated sedimentary units are
exposed in the Brazos River drainage basin. Seven geologic
units crop ocut between the SDS site and the Gulf of Mexico.
Figure 4-1 shows the Jlocation of these units between the SDS . | .
site and nofthern For£ Bénd County. ‘From oldeéﬁ to‘ fbuﬁgest,
they include: Fleming Formation, Goliad Sand, Willis Sand,
Bentley Formation, Montgomery Formation, Beaumont Clay, and
recent alluvium of the Brazos River. Their  general
characteristics are profiled in Table 4-1.

The seven units (formations) are composed of

003543

unconsolidated, interbedded sand, silt, and clay. Unit
thickness and water Dbearing characteristics vary with
location. Generally, each of the seven units may vyield small
to 1large amounts of fresh or slightly saline water from their
more permeable zones.

These formations  were deposited under a
variety of conditions including marine, continental and
intermediate (mixed). Younger units crop out near the coast,
while older units appear farther inland at higher elevations.
The units tend to dip more steeply and thicken towards the Gulf
of Mexico. . as

As shown in Figure 4-1, the 8DS site is
located in the recent alluvium of the Brazos River. The recent

alluvium of the site overlies the Fleming Formation. The
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Gaalogic deacription and water-bearing properties of the geaiogic mits forting the aquifers in Awtin and Kaller Countiee

Est irated Gereral oomposition in
stratigraphic thickwes dumtin and Waller Counties Surface aprassions ater-bearing properties in
Muifer unit in ares At in and Walist Qunties
{feet)
Teitutary aliveiuos Onoonmol ideted gray, brawr, and  [Occurs clong the tanks of [Yields small to large smounte of
ALl 1al and flood-plain rediigh-brovn cley, silt, and mmaller streama ane in feesh water in the flood plain of
aillwie of the |[0- & sandy clay, comeonly overlying the flood plan of the the Brazos River.
Brazoe River 1ight-colored sand Of coarser~ Brazos River. Wearly
¢rained sand and gravel. flat fiain. Porms
reddish to derk-brown
and hlack solls,
ettied red, radtid-brown, Brovn [Oocure only along the Yl da wsall to moderate emounte of
and gray, denae clay with white | fringes of the Brazos water b goartered ahallow welle
Basumont Clay - 75 ealcareous nodiles. Mey contain | River flcod plain. leas than 100 feet drep along the
lerams of fira and wadiie- Pormg measly flat, rarrow] adge of the Brazos Muver £1o00
z‘dmﬁ sand o1 NS and graval wain, folis are gray slan
paces, to black, Blocky.
Light gray to light brown, fine- {Mearly fist, featureless |[Yields ssal]l asounts of water to
grained sand, sile, and clay, platn; eolis are light scattered shallas wells.
Mont gome ry 5 07 protably grading with depth to wlored, fine-graired
Formation darker-colorad cosrser mnd and | esndy. Occurs only
in places tam] mand and gravel.| along southern edge of
area,
Alterrsting beds of reddish-brown [Forms flat plains in the  [(bntribates small to ooderate
to yellos and gray, wottled sovthern one-third of amountes of freah water to damestic
Evange] Lne Bentley 6- a7 clay interbedded with grayish, the comnties; most of welis in the sowtnern purt of the
Formation fine to tostee—grained mand the rloe-crowing are2 18 | Tres; probshly represented by the
#d gravel leraes. Scattered on the akceop Forms IEpernost. MmN 8cTeered in these
lentiic of 1ime-cmmented light-colored sanady walls.
sandstone. Qu&y, sandy clay, Jlomn moile.
and fine sand predomirate in
the upper part, darkear-colored
costeer sand and gravel in the
lower pert.
‘ i Alterrating beds of sottled red,” |fooms the gently-roliing  |Yiclds mmail to large amounts of
yellow, brown, and gray clay mnd hille of northern frosh water to wells.
end sand with scattered lenses Waller (ounty and central ‘
uneorted sand and quartz gravel.| Austin Oounty. Most of
Willis Sand 0 407 Ferruginous nodules ooemon. the gravel plts in Mstin
Packed and hard in freah epo- County are in the basal
wures. Bazal i-rt in womlily Willis. Poms tan mndy
& hard, gravelly mand and clay, acile,
white to gray, sticky, oalcarecus |Occurs as isclatad surface |Yields Targe asounte of fresh water
clay with interbedded lenses of expogursas because the to wells,
Gol iad Sand o 80?7 light-colored, gravelly sand Goliad is overlapped by
and ] ize-comented sandetons. the Wiills Sard or is
Black chart grains in the waxiiy removed by eroeion
whitish aand give s amlt and Porms gray, skicky wolls.
peEer eftect. Ueually oocuzs along
valley bottams and valls,
Irtortedded day and sand, Jay | Pores the 1olllng and ¥lelds emal] to large amounts of
predminantly in the yxer dimpected togngraghy frash to alightly saline wateg,
rt. The blocky, derse clay of rorthern Austin
Flamirg 01,700 various shades of gray, Gunty. Porms grey to
Formation yellow, olive, and browm, hiack Joan and sanrdy
| White calosrecus nodiles are lowe woils.
common.  Gand i gray to beown,
Burkeville beown, interbedded vith gray
Aulcl ude clay. fand {9 medium Lo fine
qrained and oftan croaw-tedded,
Altarrnating beds of gray clsy, Toss not arop oot In AustiniMey yleld mal] smounts of fresh
tuff, and sand. Lover manda oy Waller Gunties, water in the wosc northwern
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. Bource: Temt Water Devel opment Board, Report 64
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Fleming Formation is a thick formation cf interbedded clay and
sand with clay predeminantly in the upper part.
No faults with surface expression occur in

northern Waller and Washington counties shown on the Austin

sheet of the Geologic Atlas of Texas. No geo;ogic literatyre
fcr the area reports faults or faulting at the SDs .site.
Surface and subsurface investigations conducted by Resource
Engineering, 1Inc. (REI) revealed no evidence of faulting at the
SCS site.

The Hockley escarpment and Hockley Salt Dome

lie approximately 18 miles south of the site; the Millican
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fault zone lies approximately 20 miles to the north. However,
there 1is no evidence that either the Hockley escarpment or the
MiIlilican fault zone have a structural or hydrologic influence
on the SDS site.

4.2.2 Alluvium - Sea level changes associated with
the advance and retreat of the glaciers during the Pleistocene
controlled alluvial deposits. Sea 1levels declined as water
accumulated in glaciers during glacial expansion. As they
flowed to the mwmore distant coastlines, rivers draining the
coastal region of Texas entrenched their valleys. Sea levels
rose to similar present day levels when the glaciers receded.
The river wvalleys filled with alluvium during interglacial
periods as the streams aggraded their channels. Deposition of
sediment was mainly, as it is today, in the stream channels and

on the floodplains during over bank flow.
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The composition of the flcodplain alluvium
varies laterally and wvertically. The 1lenses of sand, silt,
clay, and gravel are unconsolidated and pinch out or grade
laterally and vertically into finer or coarser  materials.
Generally, the fine-~grained material occurs in the upper pe.t
cf the deposit; the gravel, whether ﬁiged“with sand and clay or
clean and well sorted, is often found in the lower part of the
deposit, A typical aggrading sequence consists of coarser
material at the base, grading upwards to clay at the top.

The alluvium along the Brazos River is divided

into two types: terrace and floodplain. Terrace alluvium,
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deposited in an earlier river cycle, 1is currently found above
am adjacent to the present floodplain. 1In places, the terrace
alluvium is geologically and hydrogically isolated from the
floodplain alluvium,
After a decrease in stream base level, a new
erosion/deposition cycle began and cut into what is now terrace
~luvium deposits. The floodplain alluvium is the most
recently deposited material in the area. It is located in the
current floodp;ain of the Brazos River. The SDS site is
located entirely within the floodplain alluvium.

4.2.3 Soils
Soils near the project site consist of a
series ¢f bottom land and upland soils. They are mainly clayey

to loamy soils. Pasture and cultivate crops account for the
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largest portion of agriculture 1land use in Waller County.
Soils at the SDS site are discussed in more detail in Section

4'4.2.

4.3 Regional Hydrology

4.3.1 Groundwater Regime

4.3.1.1 Regional Groundwater <« Groundwater

is the area's major source of water for municipal, industrial,
domestic, and irrigation |use. Fresh groundwater is available
throughout the area,; although it is underlain by a zone of
slightly saline water. The geologic formations containing
fresh and slightly saline waters are: the Catahoula Sandstone,
Fleming Formation, Goliad Sand, Willis Sand, Bentley Formation,
Montgomery Formation, Beaumont Clay, and recent alluvium of the
Brazos River. Several formations have similar sequences of
unconsolidated sediments that are  hydraulically connected.
Thay are thus easily divided into four hydrogeologic units:
the Jasper Aguifer, Burkeville Acuiclude, Evangelire BAquifer,
and the Brazos River Alluvium Aquifer.

The SDS site is 1located entirely
within the Brazos Piver Alluvium Aquifer. The upper 55 feet of
sands and c¢lays at the 6SDS site are part of the Brazos River
Alluvium Aquifer., Underlying this aquifer are several sand and
clay layers which are part of the Fleming Formation.

It is uncertain if the Evangeline
Aguifer wunderlies the 8DS site, based upon available field

data. The sand and clay layers at the sDS site, which are part

RESOURCE ENGINEERING
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of the Fleming Formation, may be part of the Jasper Aquifer,

the Burkeville Aguiclude or the Evangeline Aquifer.

Parts of the Fleming Formation form
the Burkeville Aquiclude, the Jasper Aquifer, and the
Evangeline Aquifer. The Burkeville Aquiclude separates the
Evangeline Adquifer froem the Jasper Aguifer. The relative
nositions of these hydrologic units vary within the Fleming
Formation and by location. The Flering Formation is of Miocene
age; as stated by E. T. Baker, Jr. in TDWR Report 236, 1979,
"Stratigraphic and Hydrogeologic Framework of Part of the

Coastal Plain of Texas," Miocene age formations are the most

complex.

"The stratigraphic framework of the units
that are designated in this report as
Miocene irn age is complex and controversial,
perhaps more so than any other Cenozoic
units. Geologists do not agree which units
on the surface or in the subsurface are
Miocene nor do they agree as to the
relationship of the surface and subsurface
units. The correct relationship

may never be determined because faunal
markers, which exist in places in

the subsurface, do not extend

to the outcrop:; and the heterocgeneity

of the sediments does not facilitate
electrical~log correlations."

An example of these inconsistencies
is shown in TDWR Report 236 which indicates that the Jasper
Agquifer includes the lower third of the Fleming Formation and
the Catahoula Sandstone. This is an apparent conflict with the

hydrogeologic units shown in TDWR Report 68 and Table 4-1 of

this report.
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The deepest regional aquifer beneath
the SDS site is the Jasper Aquifer. The Jasper Aquifer

includes the lower part of the Fleming Formation and possibly

part of the Catahoula Sandstone. The water,“iquﬂﬁhﬁﬂJaSPGF B

Aquifer becomes saline with depth, generally over 1600 feet.

Few large water production wells tap
the Jasper Aguifer in northwestern Waller County; little is
known about its hydraulic properties. Texas Water Development
Board Report 68, 1976, reports that the hydraulic conductivity
is between 212 gallons per day per square foot (gpd/ft?) (0.010
cm/sec) and 272 gpd/ft? (0.012 cm/sec). These values are based
on a single pumping test performed on a single well. This isg
the only data available for the Jasper Aquifer near the SDS
site, Aguifer heterogeneity may change these values at the §DS
site. No close wells are available to obtain confirmation
close to the site.

The Burkeville Aquiclude, a
continuous, dense, predominantly clay unit, overlies the Jasper
Aquifer. An agquiclude is a geologic unit or sequence that
transmits water slower than the agquifer above or below it,
creating a hydrologic barrier to upward or downward groundwater
flow.

The  Burkeville Aguiclude, part of
the Fleming Formation, averages 320 feet in thickness. The
Burkeville Aguiclude <c¢rops out north of the project area and

dips south. The Burkeville Aquiclude contains several thin

4§ - 11
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sand lenses in the upper part: a few domestic wells produce
water from these discontinuous lenses.

The Evangalin.» Aquifer overlies the
Burkeville Aguiclude. The thickness of the Evarigeline Aquifer
ranges from zero (feet) in northwest Washington County to aboﬁt
1,840 feet in the southern part of Waller County.

Hydraulic properties of the
Evangeline Aquifer were determined from pumping tests made on
25 wells 1in Austin and Waller Counties. The transmissivity of
the Evangeline Aquifer ranged from 7,900 to 99,000 gpd/ft. The

hydraulic conductivity ranged from 51 gpd/ft2 (0.002 cm/sec) to
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487 gpd/ft? (0.02 cm/sec). The average was 215 gpd/ft2 (0.0l
cm/sec). (Refer to TWDB Report €8.)

Rainfall on the outcrop  area
furnishes the primary recharge for the area's aquifers. The
SDS site 1is located in the outcrop zone of the Brazos River
Alluvium. Site runoff will recharge the alluvium, but there is
no direct recharge to underlying aquifers.

The groundwater in the regional
agquifers generally flows down dip until it discharges into
streams, springs or seeps, or is pumped by wells. Local
geologic or geographic conditions may intermittently change
this flow pattern.

4.3.1.2 Alluvial Groundwater - The alluvial

aquifer is the uppermest aguifer at the SDS site. Previous

hydrologic investigations by Texas state agencies indicate that

4 -~ 12
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hydraulic characteristics of the Brazos River Alluvium are
quite variable and are site specific.

Considering the alluvium of the
Brazos River Basin as a hydrogeologic gnit,‘:ghe,nsequence of
deposition gyenerally grades from coarse-grained at the base to
fine-grained at the surface. Although the seguence does not
change, the relative position of the individual layers and
their grain size varies laterally and vertically due to its
complex, sedimentological history.

The thickness of the alluvium ranges

from 9 feet in northern parts of the Brazos River to over 100
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feet near the river's mouth. The average thickness along the
river is 45 feet; its thickness at the SDS site is about 55
foet.

Previous investigations by the Texas
Water Development Board (TWDB Report 41, #Ground Water in the
Flood-Plain Alliuvium of the Brazes Rivew, Whitney Dam to
Vicinity of Richmond, Texas," 1967) reported calculations for
transmissivity, permeability, and storage coefficient of the
alluvium using laboratory methods and field pump tests. This
is the range of values for the alluvium throughout the entire
Brazos River Basin. fTransmissivity based on TWDB pumping test
data ranged from 50,000 to over 300,000 gpd/ft. TWDB
laboratory permeability tests ranged from 0.001 to 18,000

gpd/ft (4.7 x 1078 to 0.85 cm/sec). This is a very wide range

4 - 13
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of permeabilities because of the wide range of material
tested. The lowest permeabilities occur in tight clays: the
highest occur in clean, coarse gravels.

The alluvium is not widely used as a

water supply 1in the immediatec area of the SDS site. Water

supply wells in this area are usually un;eliable.begausgwngﬁr‘;pgl$
variable thickness, transmissivity, hydraulic conductivity and
restricted areal extent of the alluvium. Based on egite

specific pumping test data, the alluvium at the $DS site has a

specific capacity of 0.12 gpm/ft. This specific capacity would

only support a 2 gpm well at the SDS site based on a saturated

003553

thickness of 24°',

Groundwater elevations in the
. alluvium are generally at or slightly above the elevation of
the Brazos River. Groundwater discharges from the alluvium
into the Brazos River during base, or low, flow. The river is
classed as an effluent, or gaining, stream. During high river
flows, however, water temporarily flows from the river into the
alluvium. When river flows decrease, water from the alluvium
will again discharge into the river.

4.3.1.3 Groundwater Uses - Groundwater is

the wajor source of water for municipal, industrial, domestic
and irrigation wuse in Austin and Waller counties. REI
conducted a survey to locate domestic, industrial, municipal
and irrigation water wells within a three-mile radius of che

site. Location of these wells is shown in Figure 4-2; details

4 - 14
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Well
No.,

101
102
103
104
106
108
109
11¢
303
304
305
402
514
51%
601
€02
603
604

located Well Data

Table 4-2

Description of Water Wells Located Within a

Three-Mile Radius of the Sheridan Disposal Site

Use

Domestic
Irrigation
Stock
Stock
Irrigation
Stock
Stock
Irrigation
Domestic
Unused
Unused
Unused
Stock
Stock

Stock

- -

Stock

«~ No log available

KNote:

Wells located by TDWR.

Screened

Diameter Total Interval (ft)
of Well Depth (depth below
{inches) (ft) ground surface)

39-42 20.5 20.5

14 73 60

5 1049 1029-1049

3.5 400 -

16 71 71

4 200 -

4 200 -

16 951 -

6 438 428~-4138

6 65 46-65

36 46 -

24 50 -

6 65 -

2.5 365 -

1) 3%e 356-39¢6

3 178 —-
4 - 16
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Table 4-3
Plotted Well Data
Screened
Diameter Total Interval (ft)
Well of Well Depth (depth below
No. Use (inches} (ft) ground surface)
1B - - e -
1C - - - -
1D - - - -
1E - - - -
10 - -- - -- O
3A-1 Domestic 4 161 146-161 P
3A-2 Domestic 4 148 127-148
3B-1 Domestic 4 138 112-138 i
3B-2 Domestic 4 134 111-134 M
3ip Domestic 4 161l 140-161 Q
3E-1 Domestic 4 360 345-360 o
3E-2 Domestic 4 253 211-253 ‘
3F Domestic 4 137 116-137
3L-1 - 4 132 111=-132
3L-2 Domestic 4 140 -
3M Domestic 4 181 161-181
3N Domestic 4 167 152-167
30 - - - -
3P Domestic 4 178 163-178
6G Industrial 4 294 -
6H Industrial 4 265 -
6J Industrial 4 262 -
6K Industrial 4 210 -
4B-1 Farm 4 276 270-276
4A-2 Domestic 4 301 291=-301
4C Irrigation - 200 165~200
40 Industrial 4 210 168-210
4H-1 Domestic 2 115 109-115
4H~2 Domestic 4 106 -
4H=-3 Domestic 4 306 296=-306
4H-4 Domestic 4 306 296-30F
4R Domestic 4 120 -
4U - - - -
4T - - - -
4M-1 - 4 141 120-141
-=- No log available
Note: Well locations based on driller log.
4 - 17
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. Table 4-3 (Continued)
Plotted Well Data
Screened
Diameter Total Interval (ft)
well of Well Depth (depth below
No. Use (inches) (ft) ground surface)
4M~-2 Domestic 4 141 136-141
4N Domestic 2 153 126-153
9E-1 Domestic 4 258 248-258
SE~2 Domestic 4 268 258~268
9E=-3 - - - - -
SE-4 - - - -
37 Domestic 2.5 178 163-178 [~
2R Domestic 4 164 149-164 e
5H Industrial 4 210 170-210
5G-1 Industrial 4 210 147-168 o)
139-210 MY
5G-2 Irrigation 12 3/4 130 39-58; o |
71=-76; o
79=-95;
98-104
S5h Domestic 2 360 340-360
. (Waller)*
6A-1 Ranch 4 136 130-136
| {Waller)*
| 6A-2 Domestic 4 203 188-203
(Washington) *
6A-1 Industrial 4 215 180-215
(Washington) *
6A-2 Industrial 4 252 189-210
{(Washington) * 231=-252
6A~3 Industrial 4 210 168-210 :
(Washington) « '
6A-4 Industrial 4 210 168-210
6B~1 Domestic 4 133 127-133
6B~-2 Domestic 2 159 153-159
&C Domestic 4 180 170-180
6D Industrial 4 249 207-245
6L Industrial 4 273 231~-273
5E Industrial 4 231 189-~231
MWw-11 Domestic - 135 -
-+~ No log available
* County in which well is located.
4 - 18 o
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Well Number

"5H
5E
5a

514
515
6C
601
6G
6H
6J
602
€D
6E
6K
603

Description of Water Wells
Located Downstream or Down Dip and
Within a Three-mile Radius of the SDS Site.

6A (Waller County)

6G4
4U
4R
4Q
&C
4T
5G~1
5G-2
6RA-1
6A~2
G6A-2
CA-4
6B-1
6B-2
47-1)
4A-2
4H~-1
4H-2
4H~-3
4H-4
4M-1
4M-2
Well 11

=~ No log availakble

(washington
(Washington
(Washington
{Washington

County)
County)
County}
County)

Tablem4-4

Total Depth
(ft)

210
231
360

65
3e5
180
294
265
262
396
249
273
210
136
178
120
210
200
210
130
215
252
210
210
133
159
276
301
115
106
306
306
141
141
135

4 - 19

Screened
Interval (ft)

170~210
189-231
340-360

170-180
356-396
' 207-24¢9

231-27%

130-136

168-210

165-200

147-210

39-104

180-215

189-252
1168-210

168-210

L 127-133

153-159

270-276

291-301

109-115

296-306
296-306

120-141

136-141
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of the wells are shown in Tables 4-2, 4-3, and 4-4. Table 4-2

lists 1located well data. Located wells were inspected by Texas
Department of Water Resources (TDWR} perscnnel to determine the
well's exact 1location. Table 4-3 lists plotted well data.
Plotted wells were not inspected by state agencies; their
loééfions are based on 1locations given by drillers to the
TWDB. Table 4-4 1lists wells within a three-mile radius of the
site that are either down-dip or downstream of the site.
Tables 4-2 and 4-3 show most of the wells are for domestic or
industrial use.

Wells not 1listed in Table 4-4 are

003559

up-dip of the =site and are not impacted by the site.
Additionally, most of these wells screened deeper than the
. aquifers at the SDS site.

Based on the elevations shown in
Figure 4~2, the screened intervals in Table 4-4, and assuming
the beds at the SDS site follow regional patterns and dip to
the scutheast, then well numbers 5H, 5E, 5A, 5I5, 602, 6C, 6D,
5G-1, 6A-1], 6A-2, 6A-3, 6A-4, 4H~3 and 4H-4 in Table 4-4 are
likely screened too deep to be impacted by any contamination in
the two aquifers of concern at the site.

Wells 514 and 5G-2 are isolated from
the SDS5 site by the river which forms a hydraulic barrier. The
remaining wells listed in Table 4-4 are screened in potentially
the same aquifers as those underlying the site. However, these

wells are all more than 1 mile from the 5DS site.

4 - 20
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O 4.3.1.4 Regional Groundwater Quality

The state has monitored groundwater
guality in the three regional aquifers: the Jasper Aquifer,
Evangeline Aquifer, and Brazos River Alluvium. The water
quality of the Jasper Aquifer 'is marginal for public water
supply. Wells that penetrate the upper part of the Jasper
Aquifer yield good quality water. However, in wells deeper
than 700 feet, the concentrations of iron and total dissolved
solids (TDS) may 1increase to 1levels above the U.S. Public

Health Service recommended limit of 500 mg/1 for TDS.

Groundwater from the Evangeline Aquifer

003560

generally meets all drinking water standards. Dissolved solids
increase slightly with depth, but usually do not exceed the
| ‘ standards. The water is hard, but suitable for most industrial
purposes.

Water from the Brazos River Alluvium is of
lower quality than water from the upper Jasper Aquifer. TDS
concentrations are higher, but usually within recommended
limits. 1Ircon concentrations are elevated; hardness ranges from
moderately hard to very hard.

4,3.2 Surface Water

4.3.2.1 Brazos River =~ The Brazos River is

the area's dominant surface water feature. The headwaters of

the Brazos River originate in eastern New Mexico and the

panhandle of Texas. The Brazos flows southeast and discharges
into the Gulf of Mexico near Freeport, Texas. A mature river,
4 - 21
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trhe Brazos meanders across its floodplain, as evidenced by many
meander scars and oxbow lakes along its course.

The U.s. Geological Survey (USGS)
operates two recording stations on the Brazos River near the
project site. The Washington station, number 68110200, Hisl
located approximately 21 miles upstream of the site near
Washington, Texas. The station has operated since 1965. The
drainage area at this station is 41,192 square miles. Its
average flow is 5,291 cubic feet per second (cfs). The maximum
discharge on record 1is 82,500 c¢fs on 1/24/68. The minimum

discharge was 170 cfs on 10/22/78. ©On 10/1/85 the USGS stopped

003561

recording flow at this station and currently uses it to record
only water stage heights.

The second station, number 08111500,
is located approximately 14 miles downstream of the SDS site
near Hempstead, Texas. This station has operated since 1938.
The drainage area is 43,880 square miles at this station, and
has an average discharge of 6,627 cfs. The maximum discharge
on record 1is 143,000 cfs on 5/2/57; the minimum qischarge was
137 cfs on 11/6/52.

Two major tributaries to the Brazos
River 1lie between these two recording stations. The Navasota
River discharges into the Brazos River between the Washington
station and the SDS site. The Hempstead station records its
contribution. New Year Creek 1is the Ilargest stream  that

discharges into the Brazos River between the SDS gite and the
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Hempstead station. New Year Creek 1is an intermittent creek
that has a drainage area of approximately 230 square miles.

New Year Creek represents approximatley 0.5% of the Brazos

River drainage basin and 1makes. an insignificant flow

contribution to the Brazos River at the Hempstead station.

4.3.2.2 Iocal Surface Water Features - fThe

SDS site is located on a cut bank above the river and slopes
away from the river. Most of the overland runoff flows south,
away from the river, into Clark Lake. However, there is a
small component of runcff that flows west into a 1local ditch,
and then into Clark Lake. Clark Lake, a shallow lake created
by two man mode dams, may be a remnant oxbow of the Brazos
River. Clark Lake discharges into a drainage ditch that flows
southwest into Donahoe Creek during high water stage on Clark
Lake. Clark Lake begins to discharge when the water surface
elevation is approximately 161 feet MSL.

Donahoe Creek is a small intermittent
creek located south of the site (Figure 5-3). It flows to the
west and discharges into the Brazes River approximately five
miles downstream from the site.

Several small stock-watering ponds
and marshes occur in the area. Chapter 5 addresses surface

water hydrology of the site in more detail.

4 - 23
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4.4 Site Geology and Soils

4.4.1 Geology =~ The SDS site is located on the

alluvium of the Brazos River. The Brazos River Alluvium
blankets the Fleming Formation at <the site. Twenty monitor
wells, 9 borings and 20 cone penetrometer soundings were used

to assess the geologic setting. Their locations are shown on

Figure 4-3.

Cone penetrometer soundings consist of pushing

a cone-tipped probe into a soil deposit. While the probe is
advanced, a continuous record of cone tip and side friction

resistance versus depth is obtained in both analog and digital

A computer program calculates friction ratio (friction

resistance divided by cone resistance, in percent) versus
depth. The friction ratio 1is correlated to nearby boreholes

which have been continuously logged. After the friction ratio

been correlated, cone penetrometer soundings can be used to

map stratigraphv. Cone penetrometer data at the SDS site were
correlated to boreholes C-7/MW-13, C-9/MW-15, C=-8/MW-14,
C-1/MW-7, C-11/MW-16, C~12/MW~17. Cone penetrometer soundings

are shown in Appendix 4A.

The monitor wells and borings installed by

REI were drilled using hollow stem auger and mud rotary
methods. Shallow holes, generally 1less than 30 feet, were
drilled using hollow stem augers. Deeper holes were drilled
with wmud rotary (Appendix 4A). Mud ruotary methods generally

used potable water as the drilling fluid to form mnatural mud.

4 - 24
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Occasionally, powdered bentonite was added to thicken the mnud
to prevent the hole from collapsing while installing protective
surface casing. It is unclear that all monitoring welis at the
site have been adequately developed after installation.

Details on well development are given in Appendix 4cC.

Samples were collected = using Shelby tubes

or sﬁlit spoon samplers. The samples were visually logged on
site by a hydrogeologist. Selected samples were analyzed in
the REI soils laboratory for particle size distribution, sieve
analysis, and Atterberg limits. The logs of the monitor wells,

borings, cone penetrometer strip charts, and laboratory results

003565

';_ are presented in Appendix 4A.

| pata from all subsurface investigations
. were used to assess the site geology. In general, REI
identified five stratigraphic units at the site (Stratums A, B,
¢, D and E)}, which are shown schematically on Figure 4-4.
Detailed cross-sections of these units based on REI fieid data,
are shown in Fiqures 4-5, 4-6, and 4-7.

Strata A and B, subunits of the alluvium,
are not mapped regionally. These strata are typical of
alluvial deposits consisting of unconsolidated sands, silts,
and clays. These deposits are interbedded and grade laterally
and vertically into finer or coarser material.

The upper 40 feet at the site (Stratum A)
consists of interbedded sands, silts, and clays which are shown

on three cross-sections: Figures 4-5, 4-6 and 4-7. Figure 4-5

4 ~ 26
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shows that Stratum A consists of 30 feet of silty clay at the

southern part of the site. This silty clay overlies 15 feet of
silty sand. The silty clay thins out to 5 to 10 feet thick to
the north, while the silty sand thickens to 35 feet. Figure
4-6 (cross-section B-B') shows that the site's eastern part is
situated on a silty clay approximately 30 feet thick. This
silty clay pinches out and grades into a silty sand toward the
west. The silty sand subunit is observed within Stratum A over
the western part of the site; it ranges in thickness from about
20 to 35 feet. Stratum A consists of a thin silty clay layer
near the river, overlying interbedded silty sands and clays.

Stratum B is a continuous sand layer, fairly uniform
throughout the site. The fine to medium grained sand contains
thin silt and clay seams. Stratum B, approximately 40 feet
below grade, averages 15 feet 1in thickness. Gravel is
interbedded with the sand in the lower part of Stratum B. Most
is round to subangular; some is angular. Gravel diameters
range from 0.25 to over 2 inches; colors range from white to
pink and dark grey ccnsisting of quartz and feldspars. The
gravel is poorly sorted and interbedded with sand, silts, and
clays. |

Stratum c, a dense clay layer, is located
approximately 55 feet below grade, with an average thickness of

35 feet. This stratum is uniform and continuous throughout the

4 - 31
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site. The clay becomes sandier with depth and grades into a
sandy clay throughout the 1lower 10 feet. Stratum C is the
first expression of the Fleming Formation beneath the site.

Stratum D is a sand layer located 90 feet below grade
at the site. This sand layer averages 10 to 12 feet in
thickness and consists of fine to medium grained sand. There
are silt and clay seams interbedded within the sand. Stratum D
is also part of the Fleming Formation.

Stratum E is a dense clay layer found approximately
90 feet below grade. Stratum E is part of the Fleming
Formation. Stratum E is the deepest unit addressed beneath the
site.

4.4.2 Soils - The 8SDS site is located on soils of
the Brazoria-Norwood Association. This association consists of
soils on broad floodplains along the Brazos River. The soils
are level to gently sloping, somewhat poorly drained to well
drained, and clayey to loamy soils. There are five soil types
at the SDS site (Figure 4-8), listed in Table 4-5. Table 4-5
shows the soils' engineering characteristics.

The Brazoria series consists of deep, somewhat
poorly drained, clayey soils on the floodplain along the Brazos
River. This series formed from thick clayey alluvial
sediment. The s0il, typically 80 inches deep, is  dark
reddish-brown clay that is calcareous throughout. The soil

series is divided based on percent slope.
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‘ The Clemville series consists of deep, well
drained, 1loamy soils on floodplains. The soil is wusually
reddish-brown, silty loam to about 25 inches, grading into a
dark, reddish-brown clay to about 60 inches. The soil is
moderately alkaline and calcareous throughout.

The Oklared series 1is deep, nearly level soil
on floodplains. The surface layer 1is brown, very fine sandy
locam, about eight inches thick. This grades into a light
brown, fine sandy loam 60 inches deep with sandy loam and loamy
fine sand strata throughout.

The  Brazoria-Norwood  Association basically

consists of «clayey to 1loamy soils. The hydraulic soil group

003574

for each soil type is shown in Table 4-5. The hydraulic soil
. group 1is a factor wused to calculate surface runoff. The "D
Group" contains soils that swell significantly when wet, or
heavy plastic c¢lays. Most of the soils at the southern part of
the site are "D Group." This type of soil restricts the
infiltration of rainwater and limits the amount of groundwater
recharge.

The northern part of the SDS site 1is 1located
on the Clemville Silt Loam and the Oklared Very Fine Sand Loanm
Soils. Both these soils are clayey to 1loamy and are in
hydraulic soil "Group B." "B Group" soils have a moderate
infiltration rate when thoroughly wetted. This infiltration
rate generally applies to the top five feet of the soil.

Borings and cone penetrometer data indicate a clay layer
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extends deeper than five feet. This c¢lay layer will restrict

the movement and infiltration of groundwater.

4.5 Site Groundwater - Groundwater exists in nature under

two conditions: water table or confined (artesian). Water
v table conditions occur when the groundwater surface is under
atmospheric pressure and the water level is free to change with
the changes in the volume of water stored. Confined conditions
occur when permeable materials are overlain and underlain by
less permeable material. Water 1levels in a confined aguifer
will rise above the base of the confining bed, when penetrated
by a well or other opening.

Both wunconfined (water table} and confined aquifers

003575

are present at the SDS site. The water table aquifer is the
. first aquifer encountered below ground surface and consists of
Strata A and B. The confined aquifer (Stratum D), beneath the
water table aquifer, is separated from it by a 35-foot
confining, clay layer (Stratum C). The two aquifers are shown
on Figure 4-9, and are further described as follows:

4.5.1 Water Table Aquifer =~ A total of 17 monitor

wells have been installed at the SDS site in the water table
aquifer by various organizations during the past 14 years. The
first wells, MW-4 and MW-8, were installed in 1972 %o monitor
the aquifer and comply with regulatory requirements in the S$DS

sitefs waste disposal permit. In 1983, an EPA field

4§ - 36
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investigation team installed 3 additional wells, MW-1, MW-3 and

MW-6 to assess the impact of disposal operations on the water

table aquifer. Since 1984, REI has installed 12 additional
wells to investigate and monitor the water table aquifer. The
locations of all 17 wells are shown on Figure 4~10; details of
well completions are presented in Table 4-6 and shown in
Appendix 4B, Additional wells will be added to characterize
the agquifer as part of the Groundwater Migration Management R.I.

4.5.1.1 Hydraulic Characteristics - One

fully penetrating well (MW-29) and four piezometers (Mw-21, 23,

24, 25) were installed to conduct a pump test for determining

003577

the aquifer characteristics of the water tabl!2 aquifer (Strata
A and B). The REI "Hydrogeologic Investigation Plan" (HIP),
submitted in August of 1985 and approved by the EPA, detailed
the procedures. Several minor changes of well locations were
made in the field which differ from those ghown in the HIP,
The changes were made to improve the installation procedures.
Construction details of these monitor wells are described in

Appendix 4B. Development procedures are discussed in Appendix

4C.

- A pump test was conducted wusing an
electric submersible pump and electric sounders to measure the
water level in the piezometers. The discharged water was

containerized and disposed of in the SDS pond.
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Table 4-6
Details of Monitor Well Construction
Total Screensd
Well Depth Interval Date Agquifer
Number (ft) (£t) Installed Monitored* Description
M-l 65 50-60 1963 1 EPA FIT Well, No. 3
Mi-1%x 40,5 N 1985 1 Rasource Engineering s
M2 114 94-106 1972 .2 0'Malley & Clay e
(north well) B
MH-3 65 53-63 1983 1 EPA FIT Well, No. 2
Mi-s 69 55-61 1972 1 O'Malley & Clay
{west well)
Mi-5 60 54-60 1963 1 014 Windmill Well
Mi-6 58 43-58 1983 1 EPA FIT Well, No. 1 o
W7 100 80-95 1984 2 Resource Engineering ™~
M-8 65 51~57 1972 1 O'Malley & Clay g
{(south well) el
Well 6  165%#x 7 1963 Producticn Well for o
Boiler o
Mi-10  44.5 28-43 1984 1 Resource Engineering
Well 11 135%«x 2 ? Farm House Well
MW-12 40 24-39 1984 1 Resource Engineering
MW-13 93 83-93 1984 2 Resource BEngineering
Mi-14 102 92-1C2 1984 2 Resource Engineering
MW-15 6l 51~61 1984 1 Resaurce Engineering
Mni-16 6l 48-53 1984 1 Resaurce Eygineering
Mi-17 Accidentally Destroyed 1 Resource Engineering
Mi-18 $8.5  32-57 1984 1 Resource Engineering
Myi=19 57 34-54 1984 1 Resource Engineering -
Mi-20 98 85-97.5 1985 2 Resource Engineering
Mw-21 54 4-54 1985 1 Resource Engineering
M=22 101 85-100 1985 2 Rescurce Engineering
Mn=-23 54 4-54 1985 1 Resource Engineering
MW-24 54 4-54 1985 1 Resource Engineering
Mi-25 54 4-54 1985 1 Resource Ergineering !
MW-26 58.5 83.5-98.5 1985 2 Resource Engineering
Mi-27 102 B85-97 1985 2 Resource Engineering
MW-28 98 85.5-98 1385 2 Resource Engineering ,
MW-29 56 5=55 1985 1 Resource Engineering !
*Aruifer Monitored: l=water table aquifer, 2=confined agquifer
*¥Mi-1 became plugged with silt, it was reconstructed with open
erded l-inch PVC pipe.
wa*Tctal depth report by Duane Sheridan, not confirmed
4 = 40
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The discharge flow rate during the
pump test fluctuated from 1.7 to 1.5 gpm during the first three
hours of the test. The discharge rate generally decreased
during this time. Fluctuating water levels were created in the
piezometers and pump well due to the variable pumping rate.
During the 1last five hours of the test, the discharge.rate
stabilized at 1.5 gpm.

Time~drawdown curves for the pump
well and four piezometers are shown in Appendix 4D. The curves
show rapid drawdown in the first 15 minutes of the test. Water
levels were steady for an hour but slowly recharged as the
pumping rate decreased. After the pumping rate stabilized, the
water levels in the piezometers decreased and stabilized. See
Appendix 4D for data.

Three methods were used in an
attempt to correct the data for variable discharge:

1. the Aron-Scotts method for
continuously decreasing discharge;

2. the Cooper-Jacobs step type
pumping;: and

3. the Theis unsteady-state flow.
None of these methods proved to be successful and the data were
analyzed using the following procedures.

Pumping test data were analyzed
using Theis curve matching (using the early drawdown data},

Jacobs watraight line method, and recovery data. The recovery

4 - 41
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data were analyzed using Theis curve watching at MW-25, the

only well monitored during recovery. Theim-Dupuit's method was

considered:; however, because the data indicated there was no

concentric boundary of constant head around the pumping well,

all the assumptions were not met and this method was not used.

Results are listed in Table 4-7.

Table 4~7 shows the average

hydraulic conductivity and transmissivity to be 7.9 x 1073

cm/sec and 4.0 x 103 gpd/ft, respectively. The hydraulic

conductivity was calculated using an average saturated

thickness of 24 feet, based on field measurements made on

12/18/85, the day of the pumping test. The hydraulic

conductivity values are within the range of published values

for a silty sand. Because of the low hydraulic conductivity,

the aquifer would be considered marginal as a source of water.

4.5.1.2 Groundwater Flow - The water table

aguifer is in direct hydraulic connection with the Brazos

River. Therefore, interpretation of water level measurements

must consider the effect of the river stage. The river stage

at the SD5 site can be approximated by using USGS data, site

elevations, river elevation during low flow, and visual

observations by a field hydrologist.

The USGS operates a gaging station

on the Brazos River near Hempstead, 14 miles downstream of the

SDS site, as discussed in Section 4.3.2.1. This station

records stage height and discharge. Using stage  height

4 - 42
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Table 4-7

SUMMARY OF WATER TABLE AQUIFER CHARACTERISTICS

Method
Well Number

Jacobs
MW-21
MW=-23
MW-24
MK-25

Theis
Mw=21
Mw=-25

Recovery
MW-25

Average

Transmissivity
(gpd/ft)

103
103
103
103

X X X x

x 103

4.0 x 103

4 - 43

Hydraulic
Conductivity.(cm/sec)

103
10-3
10-2
10-2

6.6
8.4
1.2
1.1

X X M M

4.2 x 10=3
7.2 x 10-3

5.8 x 10~3

7.9 x 10-3

Revised 1/13/87
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{elevations) at this gaging station and field measurements made
at the SDS site during low flow, a correction factor was
deternined.

on 7/13/84 the surface water
elevation at the Hempstead station was 120.5 feet Mean Sea
level (MSL). A licensed survey crew measured the elevation of
the river at the SDS site as 129.5 MSL that day. on 11/22/85
at MwWw-18, the groundwater elevation was 132.9 feet MSL,

assuming a 0.5 foot difference between Mw-18 and the river

based on hydraulic gradient. The surface water elevation at

the Hempstead station on 11/22/85 was 1122.9 feet MSL. The

003583

correction factor at the Hempstead station is 9.5 feet. This
factor is approximate and will be refined based on data
. cbtained for the Groundwater Migration Management RI.
. Figure 4-11 shows the mean daily
stage elevation of the Brazos River at the SDS site during the
ronitoring period. This figure shows the stage height on the
day preceding a water 1level measurement and on the day the
water level measurement was made. Figure 4-11 does not show

changes in stage heights which occurred between groundwater

level measurements measuring episodes.

Figure 4-11 shows that the Brazos
River stage fluctuated widely during the wmonitoring period.
Maximum and minimum river stages were calculated to be 153.9

feet and 130.5 feet MSL, respectively, for the date that water

4 - 44
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Date

11/6/85
11/13/85
11/22/85
12/6/85
12/13/85
12/1%/85
1/3/86
1/14/86
1/15/86
2/6/86
z/7/86
3/20/86
3/1/86
4/23/85
4/24/86
5/8,86
5/%/86
6/10/86
6/21/66
7/14/86
7/15/86
B/17/86
8/18/86
7/17/8¢
9/18/86
10/26/86
10/27/86
11/27/86
11/28/8¢€
1/2/87

Source:

3,700
2,269
2,740

14,800
36,000
15,200
4,000
3,475
2,870
47,400

45,100
2,050
2,150
1,470
1,350
6,500
5,770

29,300

25,400

5,300
5,960
1,650
1,540
7,250
7,190

20,700

15,200

13,700

12,700
NA

Discharge

_(cfs)

Table 4-8

Brazos River Gage Heights and Discharges

Gage
Height (ft)

River Elevation at

NR
4.45
5.05

13.90
21.5
4.1
6.65
6.10
5.41
26.54
25.83
4.15
4.29
3.26
3.06
8.85
8.25
20.69
19.17
7.70
8.29
3.55
3.37
9.20
9.15
l16.68
14.08
13.30
12.75
NA

Preliminary USGS Data

131.7s
132.45
141,3
148.9
141.5
134.05
133.5
132.81
153.94
153.23
131,55
131.69
130.66
130.468
136.25
136.65
148.09
146.57
135.10
135.69
130.9%
130.77
126.60
136,55
144.08
141.4s8
140.70
140.15
NA

Revised 1/13/87
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level measurements were made. River stage height and discharge
values at the Hempstead gaging station are listed in Table 4-8.

Water levels in the water table
aquifer fluctuate with the Brazos River stage,_i‘ﬂggever,” the
- groundwater-level fluctuations Lare' less then the river stage
fluctuations. The range of water level elevations is
summarized inr Table 4-9. Water level measurements for all the
monitoring wells are shown in Attachment 4E.

The relationship between river stage
elevation and groundwater level fluctuations is shown in Figure
4-12. Figure 4-12 compares river stage elevation with water
elevations at wells MW-1 and MW-6. The groundwater level
fluctuations mirror the river stage fluctuations. The effects
of the river on groundwater levels is dependent on the distance
from the river. This relationship is shown in Table 4-9.

Table 4-9 shows the magnitude of
change in groundwater-level elevation at a point over the
monitoring period depends on the distance from the river.
Wells MW-1l, MW-~16, and MW-18 are about 200 feet <from the river
and their water 1level fluctuated about 9.5, 8.3 and 8.5 feet,
respectively. As well distance from the vriver increases, the

water-level fluctuations range decreases. Well Mw-6 (about

4 - 47
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Maximmum Minimmn
Well Elevation Elevation

Nurber  (ft-MSL) Date {ft-MSL) Date
Me-1 141.83 1/2/87  132.29 4/24/86
Ms-2 140.11 1/2/87 133.40 11/22/86
MW-5 139.85 12/6/85 134.20 11/22/85
Mw-6 139.63 1/2/87 135.74 11/22/85
M-8 138.9%9 1/2/87 136.01 11/22/85
Mi-10 138.41 1/2/87  136.32 11/22/85
My-12 143.01 1/2/87 141.11 11/22/85

. Miw-18 140.95 1/2/87 133.76 4/24/86
Mi-16 140.98 1/2/87 132,70 4/24/86
My-18 141.17 1/2/87  132.71 4/24/86
Myi-19 142.03 1/2/87 128.40 11/2/85
MW-21 138,58 1/2/87 136.50 12/13/85
Mi-~23 138.54 1/2/87 136.55 12/19/85
Mri-24 138.50 1/2/87 137.00 2/7/86
MW-25 138.57 l/2/87 136.54 12/13/85
Mn-29 135.48 1/2/87 136.57 12/13/85
Source: REI Field Measurements

®

4 - 48

Range of Water-Level Elevatians in the Water Table Acquifer

e 1 g e g g i T

Well
Distance
Range from River
(ft) (ft)
9.54 1890
6.71 300
5.65 300
3.89 1800
2.98 2000
2.09 2800
1.90 6200
7.19 530
8.28 180
B.46 200
3.63 2900
2.08 2280
1.59 2260
1.50 2270
2.05 2280
1.91 2280

RESOURCE ENGINEERING ——
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1700 feet from the river) fluctuated over a range of 3.9 feet.

The water 1level in Well MW-10, about 2800 feet from the river,

fluctuated over a range of 2 feet.

The direction of groundwater flow is

also dependent on river stage height. During low river stage,

the groundwater moves northward and discharges into the river.

This is shown in Figure 4-13,. Figure 4-13 is based on
water-level data obtained on 4/24/86 when the river stage
elevation had been low for an extended period of time.

Groundwater flow directions are
different during a high river stage period than during a low
river stage. The high river stage groundwater flow directions
are shown in Figure 4-14. Figure 4-14 is based on water-level
data obtained on 2/7/86 when the Brazos River was at one of its
highest stages. Groundwater <flow near the river is southward,
from the river into the water table aquifer. Figure 4-14 shows
two main groundwater flow directions. Near the river, it is to
the south, while near Clark Lake groundwater flow 1is to the
west-northvest.

This pattern of shifting groundwater
flow directions is very consistent; when river stage elevations
are low, groundwater flow 1s nhorthward to the river. As the
river stage increase, the groundwater flow direction shifts

from north to south:; flow is then from the river into the water

4 = 50
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table aguifer. Figure 4-11 shows that numerous high river
stage peaks occurred on the Brazos River to document this
pattern.

The frequency and duration of
groundwater movement from the river into the water table
aquifer cannot be determined from the data available.

Groundwater velocities wvary during
the year based on the groundwater gradient. The steeper the
gradient, the faster the rate of greoundwater flow. Table 4~10
shows groundwater velocities vary from 57 to 157 feet/year and

are dependent on river stage. The formula used to calculate

the velocities was:

003592

L
n
Where
V = velocity
K = hydraulic conductivity
h = height of water observed in well
L = distance between wells
n = porosity |
4 = 53
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Table 4=-10

Water Table Aquifer (Strata A and B)
Groundwater Velocities

Hydraulic Velocity Groundwater River
Date Gradient (ft/ft) (ft/yr) flow direction Staqge
2/7/86 0.0046 157 south high
2/7/86 0.0021 71 northwest high
4/24/86 0.0017 57 north-northwest low

Note: Hydraulic grzdient measured at groundwater direction
arrows in Figures 4-~13 and 4-14. Effective porosity was 24
percent based on sieve analysis shown in Appendix 4A.

The amount of groundwater flowing

from the alluvium at the site into the Brazos River can be

calculated using Darcy's flow eguation. The contributing area
was measured from the eastern edge of the pond to the western

property boundary (1400 feet}. Based on this measurement, a

saturated thickness of 20.7 feet, hydraulic gradient of 0.0021

ft/ft on 11/22/85 and a hydraulic conductivity of 8160 ft/yr,

the flow intc the river is 7.1 gpm. The flow in the river at
the Hempstead station on 11/22/85 was 1.2 million gpm.
roundwater flow from the SDS site makes a very insignificant

contribution (0.00032%) to total Brazos River flow.

4.5.2 First Confined Aquifer -~ Underlying the water

table aquifer, and separated from it by a clay aquiclude, is
the first confined aquifer {Stratum D). An aquifer is called
confined 1if the water will rise above the bottom of the
confining bed to an elevation at which it is in balance with

atmospheric pressure and which reflects the pressure in the

4 - 54
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aguifer at the point of penetration, The first confined

aguifer at the site is a 10 to 1l2-foot thick sand layer

that is

approximately 85 feet below grade. The confining layer is a 25

to 30-foot thick clay layey (Stratum C)

immediately above the

sand. Stratum C separates the first confined agquifer from the

water table aquifer (Strata A and B).

Several wells have been installed in the first

confined aquifer. The first well, Well-9, was used as a
production well for the facility to supply washdown water.
Construction details for Well-9 are not available and this well
ray not ne screened in the first confined or water table
aguifer. A second well, MW~l, was completed in the €£first
confined agquifer in 1972 to comply with the site's waste
disposal permit and subsequently has been converted into a
stock watering well. REI has installed 8 additional wells in
the first confined aguifer since 1984.

| I4;5.2.1 Hydraulic Characteristics -~ One
pumping well {MW-20) and 4 piezometers (MW-22,26,27,28) were

installed to fully penetrate the aquifer. These wells were

used to determine the hydraulic characteristics of the confined

aguifer. The well locations were chosen according to the EPA
approved "Hydroclogical Investigation Plan.® Protective surface
casings were installed in the pump test well and the

piezometers to isolate the confined aquifer from the water
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table aquifer. The construction details of these monitor wells
are described in Appendix 4B. Development procedures are

discussed in Appendix 4cC.

A pump test was conducted on 2/11/86

- with a pumping rate of 10.3 gpm. Several methods were used to
analyze the  data including: Theis curve matching,
Hantush~Jacob leaky aquifer solution, time-drawdown, recovery,
and distance-drawdown. These five analytical methods were used
to cross-check the validity of the mathmatical solution to
determine if aquifer characteristics were consistent. All the
methods produced similar results, and are summarized in Table
4-11. Graphs and calculations are presented in Appendix 4-F.

Table 4-11 lists the average
permeability, transmissivity, and storage coefficient as 5.8 X
1073 cm/sec, 1.4 x 103 gpd/ft and 7.6 x 10-4 (unitless),
respectively. The Permeability was calculated using an average
saturated thickness of 11 feet based on drilling logs. The
permeability value is within the range of published permeabjli-
ties for a fine to medium grained sand. The values indicate
that there is potential for good water movement through this
aquifer. The aquifer would easily sustain a domestic water
well, but may not sustain & low producing irrigation well. It
could not sustain a municipal production well.

4.5.2.2 Groundwater Flow e The first

confined aquifer may be hydraulically connected to the Brazos
River at some  point. Eight monitoring wells haye been
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Table 4-11

Sumary of Hydraulic Characteristics of the First Confined
Aquifer (Stratum D)

Hydraulic Trans«~
Well Analysis conductivity missivity Storage
Yharbey Mathod {cn/sec) {gpd/ft) Coeffic.ent
Theis curve 8.3 x 1073 1.9 x 103 2.2 x 1074
H~J Ieaky aquifer 7.2 x 1073 1.7 x 103 1.6 x 1074
Mi-22 Time-drawdown 1.2 x 1073 3.0 x 103 1.2 x 107¢
Recovery 8.3 x 10~3 1.9 x 103 *
Theis curve 1.2 % 1072 2.8 x 109 1.7 x 1074
H~J leaky aquifer 5.2 x 10™3 1.2 x 109 1.5 x 1074
MW-26 Time-drawdoum 1.4 x 1072 3.4 x 103 1.3 x 10~4
Recovery not monitored
Theis curve 3.1 x 1073 7.3 x 102 2.4 x 10™4
H-J leaky aquifer 1.6 x 10™3 3.6 x 102 2.3 x 10~
My-27 Time-drawdown 2.8 x 1073 6.5 x 102 2.0 % 1074
Recovery 2.8 x 1073 6.5 x 102 *
Theis curve 1.4 x 1073 3.3 x 102 1.4 x 1073
H-J Leaky aquifer 1.8 x 1073 4.2 x 102 1.4 x 1073
MW-28 Time-drawdown 1.9 x 1073 4.6 x 102 1.1 x 1073
Recovery not monitored 5
All four
piezameters distance drawdown 4.7 x 1073 1.1 x 103 4.4 x 1073
Average 5.8 x 1073 1.4 x 103 7.6 x 104

*Storage coefficient not available with this method. |
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installed in the confined aquifer; see Figure 4-10, Figure

4-1% shows the relationship between river stage elevations and
the water~level elevation in MW-13, Based on observation of
saturated thickness, well MW-13 is representative of all the
wells in the confined aquifer. Since it 1is 1located near the
river, it should show the maximum, if any, effects of the river
state changes. Figure 4~15 shows water-level fluctuations in
the first confined aquifer follows the same pattern as river
changes. However, the fluctuations are subdued and there is a

lag time.

The range of water-level

003597

fluctuations in 8 monitoring wells are summarized in Table
4~12, All 8 monitoring wells had similar ranges. Wells MW-7,
. MW-13 and MW-14 had the largest range. This is possibly due to
two reasons. These 3 wells are closer to the river which may
‘ have some effect and they were monitored for a longer period of
time. A complete list of water level measurements is contained

e

in Attachment 4E.

The potentiometric surface of the

confined aquifer is almost level. As a result, any changes in .

the piezometric potential (water-level) can change  the
direction of flow. Water 1level elevations were plotted using
all the available data. Groundwater <“low at the site is

generally westerly. However, the flow direction varied from
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Well Elevation
Number (ft-M51)
Mii=7 139,66
MW-13 140.32
MW-14 140.29
MW-20 139.59
Miv-22 139.56
MW-26 139.55
My-27 138.56
MW-28 139.44

Elevation Rarge i

Date (ft-MsL) _Date (ft) (£L)

1/2/87  135.71 11/22/85  3.95 1970
1/2/87 136.70 4/24/85 3.62 530
1/2/87 135.48 11/22/85 4.81 100
1/2/87 137.10 4/24/86 2.49 2270
1/2/87 137.07 4/24/86 2.49 2220
1/2/87 137.07 4/24/86 2.48 2270
1/2/87 137.19 4,24/86 2.37 2280
1/2/87 137,04 4/24/86 2.40 2270
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Table 4-13

Groundwater Flow Direction in the First Confined Aquifer

Date

2/7/86
4/24/86
5/9/86
6/11/86
7/15/86
8/18/86
9/18/86
10/27/86
11/28/86
1/2/87

* Flow direction based on Wells MW-7, Mw-13,

Flow Direction#

west

e Y- 11 o

northwest
northwest
west~southwest
northwest
northwest
west
southwest
south-southwest

Brazos River
Stage Height

high
low
low
high
low-medium
low
low=-mediunm
high
high
high

and Mw-14.

003600
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east to northwest to southwest., This is shown in Table 4-13.

The GWMMRI will further assess the piezometric  potential
gradient of the confined aquifer.

Table 4-13 lists the groundwvater
flow directions on various dates and the relative stages of the
Brazos River for +those dates. The groundwater flow direction
is westerly a majority of the time. Table 4-13 suggests there
may be a correlation between flow direction and stage. During

prolonged low river stage (2 to 3 wonths), the flow direction

DO0o506U1

is to the northwest. During prolonged high river stage, the
B flow direction shifts to a southerly direction. The flow
direction can oscillate between these two directions during
quickly changing river stage events.

. Figure 4-16 shows the piezometric
potential of <the first confined agquifer on 2/7/86. A
triangulation method (three-peint problem) was used between
wells Mw-7, MW-13, and MW-14 to determine the direction of
flow. As shown in the figure, the potential or inferred flow

is to the west. However, the wells in the cluster (Mw-20, 22,

26, 27 and 28) show a different flow pattern.

-

The groundwater flow varies and

. conflicts with the flow direction shown in Figure 4-16. This

is not an ancmaly. All the data from the wells in this cluster
showed conflicting flow directions. There are several possible
explanations for these inconsistencies. The well cluster 1is

over 2000 feet from the river. It may take awhile for the
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effects of changes in river stage to reach the wells. Wells in
the cluster indicate one flow direction. The wells near the
river may indicate a different flow direction. This would be
synonymous to a "wave" moving thraugh the aguifer.

oo ...  Also, well MW-27 is screened in a |
stratum ﬁha£ is lithologically different than the other wells.
This would possibly create a different piezometric potentiali in
well MW-27. There are also slight lithologic variations in the
other wells which may create slight differences in the
piezometric potential. As mentioned, because the

potentiometric surface .is essentially level, any change in the

piezometric potential at a point (well) can cause a change in

003603

flow direction. During the monitoring period, it was observed
that very large and deep cracks appeared in soil. Two of these
cracks went through wells MW-22 and MW-28 and heaved the
concrete pad and protective casing up by 2 to 3 inches. Water
level elevations were measured from the tnp of the protective
casirng. As a result, the piezometric potential calculated from
wells MW-22 and Mw-28 will be off by several tenths of a foot.
The accuracy of the water level measurements is approximately
0.05 feet, so the csmallest measuring error could change the
direction of flow. Therefore, caution must be exercised in
reaching any conclusions about groundwater flow direction in

the first confined aquifer based cn these data.
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Groundwater velocities vary during
the year based on the gradient of the piezometric surface
(e.g., the steeper the gradient, the faster the flow). Table
4-14 gives a range of groundwater velocities and general
direction at different timgg, Table 4-14  shows that

groundwater velocities are very slow and the flow direction is

variable. Water level measurements are found in Appendix 4E.

Table 4-14

Groundwater Velocities and Direction of the
Confined Aquifer (Stratum D)

Hydraulic Velocity River
Date Gradient (ft/ft) (ft/yr) Direction Stage
S/9/86 0.00030% 6.7 northwest Tow
6/11/86 0.00027% 6.0 northwest high
11/28/86 0.00014** 3.1 southwest high

* Hydraulic gradient measured between wells MW-13 and MW-14
** Hydrualic gradient measured between wells MW~13 and MW-7
Hydraulic conductity = 5.8 x 10~3 cm/sec for calculations

Note: Velocities were calculated using an effective porosity
of 27 percent, based on sieve analysis shown in Appendix 4A.

4.5.2.3 Hydraulic Potential - A Thydraulic

potential exists for groundwater to flow downward from the
water table aquifer tc the first confined aquifer, if the water
elevation of the water table aquifer is greater than the
piezometer potential in the confined aquifer. Groundwater will
flow upward from the first confined towards the water table

aquifer, if the pilezometric potential of the first confined

RESOURCE ENGINEERING ——
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aquifer 1is greater than the water level elevation in the wvater
rable aquifer.

Three wells from the water  table
agquifer were paired with three wells from the first confined
aquifer to determine the directien of the hydraulic potential
(vertical, hydfaulic gradient). fhe paireduwells afe in cloée
proximity to each other to determine the hydraulic potential at
that point. The paired wells are: MW-13/MW-15, MW-6/MW-7, ard
MW-20/MW=-29.

Additional wells are proposed to be

installed in the first confined aquifer as part of the

005605

Groundwater Migration Management RI. These monitoring wells
will be wused to better define the direction of flow in the
confined aquifer.

Tables 4-15, 4-16, and 4-17 show the
water 1levels elevations for each pair and the direction of the
hydraulic potential. Table 4-15, pair MW-13/MW-15, shows that
the direction of the hydraulic potential frequently switches
back and forth. When these data are compared to river stage

e

elevations, it 1is apparent tha. the hydraulic potential is

downward during high river stages and upward during 1low river

stages.
Pair MW-6/MW-7 1is farther from the

river and high river stages have 1less of an effect on the

direction of the hydraulic potential. Table 4-16 shows that

the hydraulic potential is upward most of the time.
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Table 4~15

Bydraulic Potential at MW-13 and ¥W-15

Elevation Elevation Hydraulic
MW-13+* MW-15%+% Potential

Date (ft-MSL) (ft-MSL) Direction
11/22/85 135.62 135.32 R | | - -
12/6/85 142.16%%* 138.35 -
12/13/85 138.19 139.73 down
12/19/85 138.10 139.28 down
1/3/86 138.05 136.56 up
1/14/86 137.82 135.85 up
2/7/86 138.39 139.¢1 down
3/21/86 137.90 134.91 up O
4/24/86 136.70 133.76 up O
5/9/86 137.58 136.58 up O
6/11/86 139.59 140.51 down ke,
7/15/86 139.01 137.24 up
8/18/86 137.78 134.59 up ©
9/18/86 137.70 136.73 up -
10/27/86 138,31 139.14 down
11/28/86 138.46 138,51 dewn
1/2/87 140.32 140.95 down

* Monitor well installed in confined aquifer
** Monitoring well installed in water table aquifer

***xElevation incorrect due tc apparent measuring error

4 - 67

RESOURCE ENGINEERING — |




Hydraulic Potential at Mw-6 and MW-7

Elevation Elevation Hydraulic
MW-13* MW-15%% Potential
Date (ft-MSL) (fr-MSL} Direction
11/22/85 135.74 135.71 down
12/6/85 137.15 136,98 A e OWI
12/13/85 137.34 137.68 up
12/19/85 137.88 137.68 down
1/3/86 137.8 137.68 down
1/14/86 137.48 137.47 down
2/1/86 137.62 138.02 up
3/21/86 137.33 137.54 up P
4/24/86 136,49 136.88 up o
5/9/86 137.28 137.43 up
6/1./86 138.57 138,76 up \O
7/15/86 138.55 138.68 up M B
8/18/86 137.40 137.63 up o
9/18/86 137.54 137.65 up )
10/27/86 136.26 138.16 down
11/28/86 138.17 138.19 up
1/2/87 139.62 126.66 up
. * Monitoring well installed in water table aquifer

** Monitoring well installed in confined aquifer

Table 4-16
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Table 4-17

Hydraulic Potential at MW-20 and MW-29

Elevation Elevation Hydraulic
MW=-20%* My-29%+* Potential
Date (f£-MSL) (££-MSL) Direction
12/13/85 137.51 136.57 up
12/19/85 137.67 137.00 R T
1/3/86 137.70 137.43 up
1/14/86 137.54 137.28 up
2/7/86 137.96 137.12 up
3/21/86 137.15 139,25%*%% -
4/24/86 137.10 137.16 down
5/9/86 137.53 137.24 up w©
6/11/86 138.70 137.78 up o
7/15/86 138.63 138.25 up O
8/18/86 137.84 137.78 up B
©/18/86 139.67%*% 137.70 -
10/27/86 138.33 137.82 up o
1/28/86 138.37 137.97 up o
1/2/87 139.59 138.48 up

* Monitoring well installed in confined aquifer
‘ ** Monitoring well installed in water table aguifer

**x*Elevation incorrect due to apparent measuring error
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Pair MW-20/MW~-29 is the farther pair

from the river:; the river has even a lesser influence at this
pair. Table 4-17 shows that the hydraulic potential was
downward only on 4/24/86. The rest of the time the hydraulic
potential was upward.

The duration that any particular
hydraulic potential direction lasts, or when it changes, cannot |
be conclusively determined from available data. The GWMM R.I.
will address this issue further.

4.5.3 Hydraulic Characteristics of Site Aquicludes

There are three strata on site that restrict vertical

D0360¢

groundwater flow: A, C and E. Laboratory and field
permeabilities were measured for these three strata.

. Three in situ field permeabilities were measured in
the silty clay of Stratum A. Details of construction, location
and calculations are shown in Appendix 4-G. Field results were
compared to laboratory permeability results. Laboratory
permeability was calculated using the Falling Head Permeability
Test with superimposed air pressure on undisturbed soil samples
following the Army Corps of Engineers Manual EM 1110-2-1906.
Table 4-18 compares the laboratory results and the field

results.
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Table 4-18

In Situ and Laboratory Permeabilities of Stratum A

Laboratory Results | Field Result
Berehole  Depth Permeability Slug Test Depth Permeability
_Number (ft) (cm/sec) __Number { ft) {em/sec)

20 6 8.1 x 10~9 4 23 5.4 x 1079
21 10 8.6 x 10"9 5 23 7.9 x 1072
22 6 2.4 x 1079 6 23 1.7 x 10™8

Table 4-18 compares the in situ results to laboratory
results from boreholes that are in the same stratigraphic
unit. These were designed to measure the permeability of the
silty clay under the evaporation system as detailed in the HIP.

All results show that the silty clay has a low
permeability, 1078 to 1079 cm/sec. This 1low permeability
restricts the infiltration of rainwater and the vertical
movement of groundwater.

Stratum C 1is a dense c¢lay layer separating the two
sand layers, Strata B and D. Laporatory hydraulic
conductivities were measured on 8 samples from this stratum and
are listed in Table 4-19. The hydraulic conductivities ranged
from 7.6 x 1077 to 8.4 x 10710 cm/sec and the median was 4.4 x

10-8 cm/sec.
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In some rases, the hydraulic conductivity of the
upper confining clay can be calculated from pumping test data.
Pumping test data were analyzed using the Modified Hantush
theory, Hantush-Jacol method, and the Bureau of Reclamation
analysis. Results of these analyses are shown in Table 4-20,
Table 4-20 shows the hydraulic conductivity of Stratum C ranged
from 2.3 x 10™3 to 1.4 x 10~5 cm/sec with a median value of 2.2
% 10-% cm/sec.

The Hantush-Jacob and Bureau of Reclamation methods
calculate a hydraulic conductivity fcr the upper confining clay

(Stratum ¢€) by pumping the confined aquifer (Stratum D), and

003611

assuming that all recharge is by leakage through Stratum C.
These methods do not account for recharge into Stratum D from
the units underlying Stratum D. Nor do they account for
recharge to Stratum D from storage within Stratum C. Thus, the
apparent hydraulic conductivities of Stratum C calculated by
these methods may be artificially high.

The Modified Hantush method incorporates the effects
of recharge to Stratum D from storage within the confining
Stratum C, as well as leakage through Stratum €, and thus is a
more applicable theory. The hydraulic conductivities of
Stratum C calculated by the Modified Hantush method under the
assumptions that all recharge to Stratum D is derived from
leakage through and storage within Stratum C are given in Table
4-20. Leakage through and storage within Stratum E were not

considered in these analyses. The values derived from the
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Well
Number

MW-13
MwW-14
MW=-16

MW-17

Table 4-19

Laboratory Permeabilities for

Sample

Stratum C

Depth

Intgrva

61-62
66-68

1 {ft)

74-76

78-80

60-62

63-65

59-61

57-59

4 - 73

Permeability
(cm/sec)
6.6 x 1078
10™8
10-8
10-8

Lom
L A

8
5
2.

10-10

4]
b
<

8.4 x 10-10
1.0 x 108

7.6 x 16~7
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Well

Number

MW-22

Table 4-20

Hydraulic Conductivity o

f the Upper

Confining Clay (Stratum C)

Analysis
Method

Bureau of Reclamation
Hantush - Jacob
Modified Hantush

Bureau of Reclamation
Hantush ~ Jacob
Modified Hantush

Bureau of Reclamation
Hantush = Jacob
Modified Hantush

Bureau of Reclamation
Hantush - Jacob
Modified Hantush

Hydraulic
Conductivity (cm/sec)

X 107°
x 10~4
x 10-4

Ay
- - -
ON N

1072
10~4
10~4

B o
oMo

10-4
10-4
10-4

W o
Lo 0~ -

(S ol o))

[PV e )
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Modified Hantush theory are consistent with those derived from

the other two theories, but may still be artificially high
because of possibility of recharge to Stratum D from below
during the pumping test.

The Modified Hantush theory can also be  applied to
situations 1in which recharge to the pumped unit (Stratum D) is
derived from leakage through and storage within the underlying
confining unit (Stratum E) as well as through the overlying
confining unit (Stratum C). However, in such a situation, the
method cannot be used to directily calculate <the hydraulic

conductivity of either confining layer. Rather, the method

003614

allows for calculating the sum of the 1leakances (ratio of
hydraulic conductivity to thickness of a confining unit) of the
. two confining strata. Individual wvalues of the Hydraulic
conductivity of the +two confining strata can only be estimated
by making assumptions regarding their probakle relative
values. If it 1is assumed that the thicknesses and hydraulic
conductivities of Strata C and E are of the same order of
ragnitude (assumptions which are generally consistent with
other available data on these units,lalthcugh data from Stratum
E are very limited), then the resulting estimated value of the
hydreulic conductivity of Stratum C would be approximately the
same as the values reported in Table 4-20.

The Bureau of Reclamation, Hantush-=Jacob, and
Modified Hantush methods of pumping test analysis all rely on

curve matching technigues for the estimation of aquifer
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. paranmeters. In some instances, it is difficult to match

observed field data to the theoretical <+<ype curves, and the
resulting parameter estimates must be used with caution.
However, when an acceptable match of the field data to the type
curve can be made, this technique can be very useful in
estimating aquifer parameters. In general, pumping test data
are preferable to other wmethods for estimating aquifer
properties because they are applicable at the scale of
groundwater flow through the aquifer, rather than at a snmaller
scale as in the case of single-well tests or laboratory tests.

Hcwever, pumping test data wmust be carefully evaluated on a

003615

site specific basis,
The hydraulic conductivity calculated for Stratum C
. using the leaky aquifer analysis appears to be somewhat high.

Numerous borings have been advanced and logged through Stratum

C. It was observed that this clay is wvery tight, dense, and

plastic. A  hydraulic conductivity of 7.8 x 1074 cm/sec

corresponds to silt or fine sand (Ground Water Manual, Bureau

of Reclamation, 1977). This was not the nature of the material
observed in the field.

Samples were collected from Stratum ¢ and analyzed in
the laboratory. Laboratory permeabilities ranged from 7.6 X
1077 to 8.4 x 1010 cm/sec. These values are much lower than
the values calculated from the pumping tests, and are generally

consistent with values expected for massive clays (Ground Water

Manual, Bureau of Reclamation, 1977). It should be noted,
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however, that laboratory measurements test the hydraulic
conductivity of only & point sample from within the aquifer,
and cannot account for field-scale phenomena, such as gross
aquifer  heterogeneity, which may affect groundwater flow
through the aquifer and its _.confining beds. These phenomena
may explain at least in part, why pumping tests frequently
result in calculated hydraulic conductivities that are several

orders of magnitude greater then those calculated using

laboratory data. ‘0
"“—
In general, it 1is 1likely that the laboratory and |‘O
R
agquifer test estimates of the hydraulic conductivity of Stratum | o
. , O
C provide, respectively, lower and upper bounds of the actual
hydraulic conductivity. The effective hydraulic conductivity
. of the confining wunit is 1likely to be higher than that

calculated from the laboratory tests because of field-scale
phenomena not accounted for in those tests, and it is 1likely to
be lower than that calculated from the leaky aquifer theory
because of the difficulties in distinguishing the effects of
leakage through both the overlying and underlying confining
units.

The hydraulic conductivity of Stratum ¢ was used to
estimate the time reguired for water to move through Stratum
C. A conservative, or worst case, scenario for travel time
would utilize a hydraulic conductivity (K) of 2.2 % 10~¢ cm/sec
(median value from pump test calculations), a downward head

difference of 1.5 feet (one of the largest downward gradients
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observed), and an effective porosity of 0.25. Under these
conditions, the travel time through Stratum C is 329 days (.9
years) . However, a scenario which is probably more
representative of actual field conditions utilizes a K = 7.4 ¥x
10“¢ cm/sec (median K value for Stratum C), a downward head
difference of 0.5 feet (the averagé observed différence), and
an effective porosity of 0.25. Under these conditions, the
travel time is 81 years,

The median Hydraulic  conductivity used in  the
representative travel time was calculated using the Hydraulic
conductivities from the results from the pumping test data and

the laboratory permeabilities. The analytical values from well

003617

MW~-28 were not used because the well is in immediate proximity
(6.4 feet) of the pumping well, MW~-20. The large {40 feet) and
rapid drawdown in the pumping well would have created head loss
not only in the pumping well, but also in MW-28. For this
reason, the analytical results from MW-28 were not used in
calculating the median value.

Under worst case conditions, it would take
approximately .9 years for water to travel across Stratum C.
However, as discussed in Section 4.5.2.3 and shown in Table
4-17, the water 1level elevations from monitor wells in the
pumping test area indicate that the predominant direction of

HBydraulic potential is upward, into the water table aquifer.
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Only during high river stage is the potential downward. The
annual net flow direction is wupward into the water table
aquifer.

Stratum E is a very dense, blocky clay that is the
lowest wunit of interest on site. One sample was collected from
MW-13 at the 113 to 114 foot interval and was analyzed in the

laboratory. The laboratory permeability was 4.5 x 1010 cp/gec.

003618
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5.0 SURFACE WATER INVESTIGATIONS

5.1 Surface Water Bodies

5.1.1 Brazos River - The Brazos River is the dominant
surface water feature in the area. The headwaters of the Brazos
River are in eastern New Mexico and the panhandle of Texas. It
meahders southeast and dischérges into the Gulf of Mexico near
Freeport, Texas. The Brazos River is a mature river with many
meander sc¢ars, as evidenced by the oxbow lakes along the river.

The U. §. Geological Survey (USGS) operates the
Hempstead, Texas flow recording station (#08111500) on the

Brazos River approximately 14 miles downstream of the Sheridan

003621

Disposal Service site. The drainage area is 43,880 square miles
at this station, and has an average discharge of 6,627 cubic
feet per second (cfs). The maximum discharge on record is
143,000 cfs on May 2, 1957; the minimum discharge was 137 cfs on
Ncvember 6, 1952. This station has operated since 193s.

Figure 5-1 is a summary of maximum, mean, and
average discharge rates for the Brazos River at this station for
the water year 1982, October, 1981 through September, 1982.
This water year was chosen as typical in terms of time and
duration of peak flow based on a comparison to previous water
years. The figure shows significant variations in volumetric
flow rates which are typical of the Brazos River. Figure 5-2 is
a hydrograph for water year 1982. Peak discharges during this

water year occur in the fall and late spring/early summer.
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Additional analysis, if necessary, will be included in the
Groundwater Migration Management Remedial Investigation report.
The Texas Water Commission (TWC) has classified
this segment of the Brazos River (number 1202) as effluent
limited based on upstream discharges!and -as being: fishable and
swimmaﬁle. Effluent limited stream segments require permits for
pollutant discharges. Title 31 of +the State of Texas HNatural
Kesources and Conservation Regulations limits the maximum

pecllutant loading for this water segment to:
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Chloride - 300 pPpm
Sulfate - 200 ppn
TDS - 750 ppm
Dissolved Oxygen - 2 5.00 ppm
. Fecal Coliform - 200 per/100 ml
[ ] Temperature - < 95°F
The TWC has classified the water quality of
this river segment as generally good, with no significant water
quality problems. Fecal coliform is the only significant
parameter outside of the maximum loading as shown in the general

water gquality parameters listed in Table s-1.

Table 5-1

Water Quality Information for
Segment 1202 between 1979 and 1983

Number
of
Parameter Samples Minimum Maximum

Dissoclved Oxygen (mg/1) 15 4. 13.5
3.

Temperature (°F) 16 4 89.1
pH 13 7. 9.1
Chloride {mg/1) 15 33 302
Sulfate (mg/1) 16 17 220
Total Dissolved Solids

(mg/1) 16 182 853
Fecal Coliforms (#/IOOml) 14 60 8000

Total dissolved solids were estimated by multiplying specific
conductance by .61.

Source: The State of Texas Water Quality Inventory, 1984,
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Water  uses include contact and noncontact
recreation, propagation of fish and wildlife, irrigation, and
domestic raw water supply. The nearest downstream surface water
permit for municipal drinking water use on the Brazos River is
Freeport, Texas, located on the Gulf Coast. o

5.1.2 Clark Lake - The SDS site 1is located near a cut

bank on the Brazos River. Overland water runoff is away from
the river into Clark Lake, which is a series of three shallow
ponds formed by two man-made, earthen dams in a natural drainage
channel. The pond system holds approximately 60 acre-feet of
water and is locatec south of the pond and the evaporation
system at the Sheridan site (Figure 5-3). The lake system has a
total surface area of approximately 4.8 acres, while the central
section within the two dams has an area of 3.45 acres.

As discussed in Section 5.3, Clark Lake
discharges during high water stage into a drainage ditch that
flows southwest into Donahoe Creek. Donahoe Creek is a small
intermittent creek located south of the site (Figure 5.3).
Donahoe Creek flows west and discharges into the Brazos River

approximately five miles downstream of the SDS site.

5.2 Surface Water Investigations

5.2.1 Brazos River - In June of 1984, Resource

Engineering Inc. obtained upstream and downstream samples of the
Brazos River for GC/MS priority pollutant analysis; the results

are summarized in Table 5-2. Details are provided in Appendix 5A,

D02>60c60
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. Table 5-2
Priority Pollutant GC/MS Analysis

Brazos River Water

Concentration (ug/l or ppb)

Compounds Detected Upstream Downgtream

Volatile Fraction:

Methylene Chloride ND BMDL* (<10)
Acid Fraction:

Pentanoic Acid Ester 18 ND* *

Base/Neutral Fraction:

003627

Bis (2-Ethylhexyl) phthalate BMDL (<10)° BMDL (<10)

. *BMDL - Identified at concentrations below method detection
limits.,

**ND - not detected.

The trace levels of methylene chloride and bis
(2-ethylhexyl) rhthalate are laboratory contaminants as
evidenced by the positive laboratory blanks for each compound in
the analytical data report. The lack of any downstream priority
pollutant contaminants is evidence that the Brazos River is not

impacted by contaminants from the site.
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5.2.2 Clark Lake - The earliest surface water quality
data available for Clark Lake resulted from a Texas Department
of Water Resources (TDWR) investigation. In response to a
complaint, the TDWR inspected a fish kill in <Clark Lake in
March, 1978. TDWR investigations determined that the probable
cause was anaercobic conditions resulting from an overflow of
wastewater from a damaged cell in the evaporation systenm,

Initial sampling and analysis indicated 5,000 to 6,000 mg/1 COD

and 2,000 to 2,500 mg/l TOC in Clark Lake. 2
According to a TDWR analysis, two weeks after\

N

the spill had occurred, the lake waters had a dissolved oxygeng

content of 0.5 mg/l. In reviewing the data, TDWR personneI(
considered the minimum level of dissclved oxygen necessary for
maintaining a diverse ecosystem to be 2.0 mg/l. By May, 1978
TDWR testing indicated that the lake water COD had dropped to
1600 mg/l. Batch testing with an activated sludge "“seed" and
adeqguate aeration indicated that the organics were biodegradable
to below 500 mg/l COD within 24 hours. Although the organics
were rapidly biodegradable under laboratory conditions, the rate
of breakdown in the lake was apparently slower. TDWR monitoring
indicated the lake system vremained anaerobic through January
1979. |

At the request of the TDWR, Resource
Engineering conducted an aguatic biota survey of the Clark Lake

system in September, 1984. The report "Aquatic Survey of Clark

i ol W P R W e
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Lake at Sheridan Disposal Service" was submitted to EPA Region
Vi in October, 1984. The study showed <that Clark Lake was
supporting an active and diverse aguatic ecosystem and had

recovered from earlier anaerobic conditions. Measurements of

dissolved oxygen levels indicated supersaturated  conditiens.. |

These high levels were probably due to algae photosynthesis.
GC/MS analysis of a water sample indicated no detectable levels
of priority pollutants and revealed hnho significant nonpriority
organics present (Appendix 7C).

Sediment samples of Clark Lake were obtained in
December, 1985 in response to an EPA request for additional site
data. Three samples were obtained using a Peterson dredge on
December 19, 1985 (Figure 3-2). The samples were analyzed by
GC/M5 techniques for priority pollutant compounds including
pesticides and PCBs and selected degradation compounds of
substituted aromatics. The results are summarized in Table 5-3.

Methylene chloride has not been detected in
prior GC/MS analysis of impoundment wastewater or in significant
gquantities in the impoundment sludge. The trace levels of
methylene chloride are present as a laboratory contaminant. The
laboratory analysis blank sample contained trace amounts of
methylene chloride and the spike recovery data was considered
invalid due to high initial 1levels in the spiked sample.
Methylene chloride is a common laboratory solvent; detection at
this 1level represents laboratory backgrourd, considering the

QA/QC data.

RESOURCE ENGINEERING ——
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Table 5-3
Priority Pollutant GC/MS Analysis
Clark Lake Sediments

Concentration (ug/kg or ppby)

Sample Location:

Compounds Detected L1 L2 L3

Volatile Fraction:

. o
Methylene Chloride 20.6 ND*+ ND MY
Acid Fraction: O
MYy
Benzoic Acid BMDL* (<360) ND ND o
(o]
Base/Neutral Fraction:
Pi-n-butyl phthalate 890 ND ND
Pesticide/PCB: ND ND ND

*BMDL - Tenatively identified at concentrations below method
detection limits

**ND - Not detected
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Benzoic acid is one of four degradation
compounds of substituted aromatics identified in <the pond
sludge. Benzoic acid tentatively found below detection limits
in one sample of the sediment further supports the hypothesis
that Clark Lake has recovered from prior spill contamination
through biodegradation of organics. |

Di-n-butyl phthalate is present at less than 1
rpm (890 ppb) in the sample. This compound is used as an insect
repellent and also 1is a common plasticizer compound. The QA/QC
data for this analysis indicated a 177% recovery on a spiked
sample which is questionably high. Since this compound has not
been detected 1in prior organic analysis of the impoundment
sludge or wastewaters, its presence as a contaminant from pond
waters is unlikely.

Overall, the sediment ahalysis indicated that
Clark Lake has not been permanently impacted by the prior
wastewater spill and fish kill, and that insignificant 1levels of

degradation products remain in lake sediments.,

£.3 Surface Hydrology

5.3.1 General Setting - The high bank of the Bra:zos

River forms the northern boundary of the Sheridan property at an
approximate elevation of 172 MSL (mean sea level) as shown in

Figure 5-3. The land surface slopes south and southwest, away

from the river at a rate of approximately B feet per mile.

5 - 10
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‘Drainage from the northern portions of the site

is poorly developed. As shown in Figure 5-3, stormwater
generally flows south from the disposal site to Clarke Bottonm
Road; then it flows west along Clarke Bottom Road to a main
drainage ditch, which flows south to Donahoe Creek. Donahoe
Creek flows southwest and discharges into the Brazos River
approximately one mile southwest of the Sheridan property.
Within this drainage pattern is Clark Lake.

Much of the stormwater runoff from the

.
uncontaminated area drains from the property through Clark Lake :;
by sheet flow or via the drainage ditch along the eastern site | M
access road, and then south to Donahoe Creek. As of May of Ei
1987, the pond impoundment and the evaporation system had

. adequate freeboard to contain the  precipitation from the

24-hour, 1l00-year storm (11.9 inches) falling within these areas
which could potentially become contaminated.

$.3.2 Floodplain Conditions ~ Natural site

elevations, based upon USGS topographic maps, vary from
approximately 173 feet above MSL along the river to 165 feet
along Clarke Bottom Road. The 1lowest point on the top of the
pond dike is approximately 176.5 feet above MSL. |
The Corps of Engineers developed an analysis of
the 100-year flood elevation for the area as part of a study for
the proposed Millican Lake project to be located on the Navasota
River. In this study, flood elevations were established by

computer modeling of the entire Brazos River and its

5 - 12
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tributaries, calculating backwater elevations at various
cross-sections along the river for the 100-year flood flow. One
of the cross-sections developed in this study intersects the
eastern portion of the §8DS site. A copy of this cross-section
establishing a 100-year flood plain elevation of 175 feet above
MSL at the site Jis contained in Appendix S5B.  Figure 5-4
illustrates the flood plain based on these data.

The 175~-foot flood plain elevation was used in
assessing flood plain impacts upon the site. Based upon these
data, existing pond dikes are a minimum of 1.5 feet above the
l00~year flood plain elevation and should be adequate to prevent
inundation of the wastes by a 100-year flood event. The
remainder of the site, including the evaporation system, would
be inundated by the 100-year flood. During a major flood event,
the flow pattern should fcllow the major drainage pattern of the
Brazos River, which is to the south.

One concern relative to flood protection provided by
pond dikes is the possible dike erosion during a major flood.
As shown on the cross-section in Appendix 5B, the river channel
is over 50 feet deep, and would contain a major portion of the
flood flow. In addition, the extremely broad flood plain width
at the site location, together with a minimal water depth above
the south bank of the Brazos would preclude any high water
velocities within the overbank flow. The resulting "scour

velocity" acting on the pond dikes would be on the order of only

5 - 13
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twe to three feet per second (Appendix 5B)}. fThese velocities
would not produce significant erosional effects (The Texas
Highway Department, 1970).

Recorded observations by TDWR indicate that, in 1979,
when the Brazos overflowed its banks at the site, there was no
pond dike damage. This supports the projected negligible impact
of dike erosion due to flood waters at the site.

5.3.3 Stormwater Runoff - Stormwater runoff was

calculated to determine the peak flow and total runoff volume
from a 100-year, 24-hour storm of 11.9 inches. The runoff
quantities obtained assume that the storm is localized, since a
broad based 100-~year storm would cause water to overtop the
Brazos River banks and, consequently, to inundate the entire
site as described previously.

The calculations were performed using the Soil
Conservation Service (S8€CS) TR-55 chart method, and by computer
mcdeling using the S8CS TR-55 graphical method (Appendix 5C).
The areas and calculation points used are shown on Figure 5-5,

The results were as foliows:

- Peak Flow Total
Calculation Contributing (CFS) Runoff
Pouints Areas 100-Yr, 24-Hr (Acre~Ft)

1l I & 1II : 97 30.5

2 I, II &V 92 33.55
3 I1T 73 27.54
4 II1 & .IV 63 30.79
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5.3.4 On-Site  Stormwater Storage - Two areas, the

evaparative system and the pond, will store rainwater and will
not contribute to stormwater runoff. Calculations were
performed to determine the average yearly water volume increase
or decrease in the pond and evaporation system areas {Appendix
5C). Rainfall data was taken from "Soil Survey of Austin and
Waller Counties" published by the Soil Conservation Service and
evaporation data from "Monthly Reservoir Evaporation Rates for
Texas 1940 Through 1965" published by the Texas Water
Development Board.

The net precipitation onto these two areas was assumed

D026 57T

to egual the yearly average precipitation 1less the yearly
average evaporation. In general, the evaporation exceeded the
. rainfall so that there 1is net decrease in water volume.
However, in the pond area, due to an oil film on the surface of
the water, evaporation rates were assumed at worst case to be
decreased by fifty percent (50%). This yielded a net water
volume increase in the pond of 6.8 million gallons per vyear
(910,000 cubic feet per vyear). Based on this datum and the
aerial survey of the site (Figure 5-5), the pond can be
expected to store all precipitation falling within the dikes
for approximately four (4) years from the date of the survey
(July, 1984).

The data were <then examined to determine a
“worst case% monthly net rainfall. As can be seen from the

data in Appendix 5C, the highest net rainfall of 0.83 inches

5 - 17
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typically occurs in February. Using the previously discussed

evaporation constraints, the results were a net water volume
increase in the pond of 1,200,000 gallons (162,000 cubic feet)
and in the evaporation system of 890,000 gallons (119,000 cubic
feet). These estimates will be used 1in sizing stormwater
management facilities during feasibility studies of remedial
actions and alsc for evaluating the impacts of stormwater

runoff in a no-action alternative,

003635
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6.0 AIR INVESTIGATIONS

6.1 Summary «  The following ambient air quality
conclusions at the Sheridan Disposal site are based on
independent sampling and analysis by Resource Engineering and

the EPA's Emergency Response Team in March, 1986:

. The site has no detectable volatile emissions
of polychlorinated biphenyls (PCBs), based on
detection limits of 0.003 mg/m3 at average
annual, ambient weather conditions.

. The site has no detectable emissions of
volatile RCRA Hazardeus Substance List organic
compounds above background levels or listed
RCRA  hazardous  substances during average

annual ambient weather conditions.

6.2 Introduction - The purpose of Chapter 6 is to

evaluate present air quality impacts based on emissions from
the site. The feasbility study will address the impacts of
disturbing the sludge during response actions. The most
comprehensive air survey of the site was conducted on March 4
and 5, 1986 by the EPA's Emergency Response Team and Resource
Engineering. The Emergency Response Team collected 88 air

samples at 20 locations. The samples were collected wusing 200
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mg Tenax tubes

high~level organics; and 150 mg Fluorosil

polychlorinated biphenyls (PCBs) analysis.

Resource Engineering «collected 24 samples

iccations. The Rescurce Engineering samples

with EPA sample 1locations where possible to

verify results.

sampling was to determine the average off-site
property boundaries and incorporate

risk assessment for the site. Background ambient

is represented by upwind sample results
sarmpling event.
In July, 1985 an EPA  Field

conducted an air monitoring survey of the site.

photoionization detectors were used to screen
hydrocarbon levels. The results
hydrocarbons detected above background 1levels of

(Appendix 6A). These results are

HNu surveys conducted by Resource Engineering in 1985
1986,
The first
July, 1983 by an EPA Field Investigative Tear.
investigation of July 12, 19,

and 20, 1983,

ambient air

samples

were collected using Tenax

tubes. Analysis

Gas

Chromatographic/Mass Spectrometry (GC/MS)

for low-level organics; 150 mg carbon tubes for

impacts

Investigative

for

During the

tubes for

from 14

were collocated
independently

Another objective of the Resource Engineering

at the

this information into the
air gquality

for each individual

Team

Two HNu PI-101

total

were negative with no

0.2 ppm

consistent with results of

and early

air investigations of the site were conducted in

site

a series of 18

absorption

of the samples through thermal desorption and

techniques

RESOURCE ENGINEERING ———

003641



indicated total levels of volatile orgyanice fanged from 8 to

427 ppm. This data has been invalidated by the EPA due to
positive field blanks and the lack of a true background upwind
sample. Due to the absence of acceptable data, the EPA scored

the air route =zero in the Hazardous Waste Site Ranking package

for the Sheridan Disposal Services site.

Additionally, the wvolatile organic concentration

values reported in the July 1983 sampling exceeded the

absorptive capacity of standard 200 myg Tenax tubes at the

volumetric flow rates and durations sampled.

6.3 Sampling Procedures and Conditions - The March 4 and

5, 1986 Resource Engineering samples were obtained using DuPont

ALPHA 1 air sampling  pumps. The pumps were pre- and

post-calibrated on-site for each sampling run. Tenax sample

tubes in the pond area were followed by carbon tubes as
protection against breakthrough due to oversaturation of
organics. Samples at each location were collected in duplicate

at volumetric flow rates of 50 cc per minute and 200 cc per

minute for a l-hour period. A complete description of sampling

procedures including schematics of sampling equipment is

included in Appendix 6B.
The March 4 and 5, 1986, EPA sampling periods were 40
minutes for the Tenax tubes and 360 minutes for the carbon and

Fluorosil tubes. Sampling volumetric €flow rates were 50

cc/minute for the Tenax samples and 500 cc per minutes for the
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carbon and Fluorosil tubes. Additional available information

on EFA sampling procedures is contained in Appendix 6C.

On March 4, 1986, the EPA Emergency Response Team
conducted two sampling runs at 13:15 and 16:15 hours. Weather
conditions consisted of temperatures ranging from 58 to 76°F,
and vwinds of 10 to 15 mph with gqusts of 20 mph from the
north-northwest to west. Resource Engineering laboratory
analysis was limited to the second set of samples, since the
higher ambient temperatures represented worst case emissions
for the day. Figure 6-1 shows the Jlocations of sampling
stations for the 1€6:15 sampling event.

Upwind (background) sample locations for the March 4,

003643

1986 sampling event were REI UWB1l, UWB2, and EPA Station #1
. which were located northwest of the pond from 100 to 350 feet
from the Brazos River. EPA station #3 was located next to a
spill area close to the existing storage/separation tanks in
the northeast section of the pond berm. EPA stations #4 and #5
were located within 10 feet of the pond's eastern shoreline.
EPA station #6 was located on the socuthern end of the pond less
than six inches above surface floating oil. The sample at this
location was a 6-hour Fluorosil and carbon tube pair. REI
samples DWB3 and DWB4 were colocated with EPA sample stations
#6A and #7, respectively. EPA station #8 was located 12 feet
from the pond in the middle of the southern shoreline. REI
sample station DWBS5 was located downwind at the southern

property boundary near monitoring well #12.

RESOURCE ENGINEERING ——




TOR OF OIKE

Dwg4 r :

WATER LINE /’f ;‘

FEEYLT) l s i

a¥ li

y, i

pws3s B "
Fda] #
EVAPORATION SYSTEM AN : a
EXTERIOR DIKE ‘ -
k ! w2 -
: ‘ " @
7]
o
Y]
«
[+
) m
INCINERATOR
AREA
2
4

BafRM

N ‘ o |
N, Baamess A% RESOURCE ENCINEERING INC.
%ﬁ-_“—_—ﬁm g PRI CEBL BT
PROPEATY LINE A R

-G

OAD

’ IXENIT]
i K e Aks i
3 : Mo an - G FIGURE 6-1
. . : . sa0 AIR SAMPLING LOCATIONS
. - SHERIDAN DISPCSAL SERVICE
. ; SCALE IN FEEI I T 51 JAFE -10-28 !ugmmgsa_a[




Figure 6-2 shows the location of sample stations
during the March 5, 1986 15:15 sample series. The upwind
(background) sanmple stations are REJ UW#l and UW#2 which were
collocated with EPA stations #11 and #10, respectively. REI
sample station DW4 was collocated with EPA station 15A in the
northeast cofner of the pond withinw 1¢ fards ‘of the pond
shoreline. REI sample station DWS was c¢ollocated with EPA
station 16 in the northwest section of the pond shoreline. REI
sanmple station DW2 was 1located downwind at the property

boundary on the bank of the Brazos River,

The weather conditions for March 5, 1986 wvere

003645

temperatures in the 63° to 77" range with winds of 5 to 15 mph
from the south-scuthwest and gusts up to 20 mph.

6.4 Results - One important distinction between ambient
air sampling and soil sampling is the definition of background
concentration 1levels. Without an extensive data=-base
background 1is defined by upwind sample concentrations for the
particular sampling event. Air gquality measurements taken
without upwind samples for comparison cannot be evaluated since
background cannot be defined. This 1is especially significant
for the Sheridan site, since all ambient air measurements are
in the 1 to 10 ppb range, the 1limit of detection for GC/M5
analysis. 0il and gas production and drilling activities can
significantly impact low ppb levels of benzene, toluene and

xylene, specifically. As discussed previously, background

6 - 6 —
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. concentration levels are defined by the

samples:

March 4, 1986 Sampling Event:
REI - Sample # UWBl, UWB2

EPA - Sample Station #1

March 5, 1986 Sampling Event:
REI =~ Samples # UW#1l, UW#2

EPA - Sample Stations #10, 11

6-2 for both Resource Engineering and EPA
. of EPA analysis for both days indicated no
polychlorinated biphenyls (PCBs) in any
sanmples. The detection 1limit for PCBs in

Also, no detectable levels of organic vapors

upwind station (#10). The detection limits
carbon adsorption analysis varied from
ug/m3 which corresponds to 7 ppby, to

Appendix 6~C). Considering several carbon

indicate that no RCRA hazardous substance

ermitted from the pond.

following upwind

Analytical results are contained in

Tables 6-~1 and

samples, Results

detectable levels of

of the Fluorosil

air was 0.003 mg/m3.

were

carbon tube samples, except for a background

found in <the

sample at an

for organics using

0.008

ug/m3  to 0.02

169 ppby (Table 4,

tubes

list

were located

only inches above the pond surface, the results conclusively

compounds were

003646




No RCRA Hazardous Substance List compounds were
detected at quantifiable 1levels for any of the Resource
Engineering samples except for acetone in one upwind background
sample (UW2) (Table 6-1). In general, the results indicate
ambient air guality of the site is better than ambient air
guality of the urban Houston area.

To evaluate the posibility of introducing laboratory

contaminants, first an analysis of field and laboratory method

blanks must be done. The REI laboratory method blank was :; '
analyzed to have positive results for chloromethane, acetone, O B
2-butanone, cis~1,3-dichloropropene, and toluene. Trace Z;"
amounts of these  compounds in other samples represent <

laboratory contamination or Tenax adsorbent degradation
products, The field blank contained trace levels of
chloromethane and 2-butanone. The majority of these compounds
were also found in the trip blanks. The only compound found in
trace amounts in REI data not accountable by field or method
blanks was benzene in sanmples DWB3 and DWB4. These trace
levels are well under ambient concentrations of benzene found
naturally and comparable to EPA results for the March 4, 1986
site background level of benzene (1.6 ppb).

As Tables 6-2 and 6-3 indicate, the results of EPA
sampling for March 4 and 5 were that no hazardous substance
list wvolatile compounds were found above site background
concentration levels. EPA sample results did indicate trace

quantities of various RCRA Hazardous Substance List compounds.
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However, trace Below Method Detection Limits (BMDL) results are
not reportable quantities. Trace results are 1less than site
background and are from four to seven orders of magnitude less
than TLV-TWA tealth impact values.

The results of the EPA March 4, 1986 sampling (Table
6-2) indicate all of the reported toluene values are within
1 ppb of background; all of the reported benzene values are
within 2.5 ppb of background and all of the reported xylene
values are less than background with the exception of sample 6A
which was 0.6 ppb above background. The EPA analytical report
stated the aromatic standard recovery at this 1low concentration
level of analysis was unacceptable and varied from -9% to 40%
for benzene and -60% to 78% for ethylbenzene (Appendix 6C).
The results of these analyses are zll within analytical error
lirits of background.

The results of the EPA March 5, 1986 sampling
indicate benzene, toluene and xylene are less than background
concentrations in all samples (Table 6-3). Positive results
for methylene chloride in samples 125 and 145 vrepresent
laboratory contamination, since the corresponding duplicate
tubes found only BMDL levels. Methylene chloride was also

fourd in the field and trip hlanks.
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Table 6-1

Air Monitoring Results
(REI Data 3/4 and 2/5 1986)

Sample Concentration ppb Volumetric Basis

Hazardous Substance Method Field UWB2 wWB3 DWB4 DWBS  Fleld  UW2 W3 DW4 WS
List Volatile Compourd Blank Blank (BK.) Blank (BK.}

(3/4/86) (3/5/86)
Field ID (4909) - 19 23 27 24 29 40 33 31 39 35
Iab ID 13885 34067 34048 34058 34049 34053 34069 490933 34055 34064 34067

chloramethane BMDL BMDL BDL BMDL BMDL BMDL DL NNg DL BMDL BMDL,

Bromomethane NT

Vinyl chloride ND

Chloroethane

Methylens Chloride

Acetote

Carbon Disulfide

1, 1-Dichlorvethene

1,1-Dichloroethane

Trans~1,2-Dichloroethene

mchioroform

al,z-nidilomethane

2~Butanone

1,1, 1~trichloroethane

gcarbm Tetrachloride

MVinyl Acetate

,.HBrcmodiduomum;e

== 1,2-Dichloropropane

@ Tans-1, 3-Dichloropropene

a»Trichloroethene

] ’thibrmodﬁorcnetlmne

- 4 El,l,z-‘rrichloroethane
-3 %ﬂm ~ Tentatively identified at levels below method detection limits

£ | N/D ~ Not detected
BK - Blank

BMDL
BMDL

t‘i

»
-

55558555535555553553

§53355535555553555553
555555555855555555553
555533355355558558553
555555555555555555355
553555555855535555553
555555555855555555553
555%553553355553555553
555533355455555555533
555553555955555555553

55535555553553335
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Table 6~1 (Contimued)

Air Mnitoring Resuilts
(RFI Data 3/4 and 3/5 1986)

Sample Concentration ppb Volumetric Basis

Hazardous Substance Method Field UwB2 WB3 DWB4 WBS Field w2 D Dw4 WS
List Volatile Compourd Blank Blank (BK.) Blank (BX.)
) (3/4/86) (3/5/86)
SR Field ID (4909) - 19 23 27 24 29 40 33 11 39 38
L Lab ID 33885 34067 34048 34058 34049 34053 34069 490933 34055 34064 34067
. Benzene ND ND BMDL BMDL BYMDL  ND ND BMDL BMDL. EBMDL.  ND
TN CI5-1,3-Dichloropropene BMDL ND ND ND BMDL  BMDL ND BMDL, BMDL  BMDL ND
RO 2-Chloroethyl Vinyl Ether ~ND ND ND ND ND ND ND ND ND ND ND
o Bramwform ND ND ND ND ND ND ND ND ND ND ND
2~Hexanone ND ND ND ND ND ND ND ND ND ND ND
4-Methyl-2-Pentanone ND ND ND ND ND ND ND BMDL ND ND ND
Tetrachioroethene ND ND ND ND ND ND ND ND ND ND ND
1,1,2,2-Tetrachlorovethane ND ND ND ND ND ND ND ND ND ND ND
Toluene BMDL ND ND BDL ND ND ND BMDL BMDL BMDL ND
; Chlorobenzene ND NG ND ND ND NG ND ND ND ND ND
S Ethyl Benzene ND ND ND ND ND ND ND ND ND ND ND
Styrene ND ND ND ND ND ND ND ND ND ND ND
S M-Xylenes ND ND ND ND ND ND ND BDL ND ND ND
. §O&P~Xy1etm ND ND ND ND ND ND ND BMDL ND ND ND
| ™
my B - Tentatively identified at levels below method detection limits
*=>N/D - Not Detected
@B - Blank
-
5
B
Y '; g

Ly
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Table 6-2
(EFA Data 3/4 1986)
Sample Concentraticn pob Volumetric Basis

Sample Station #  Field Blank Trip Blank 1(BK.) 3 4 6 6A 8
Iab Reference 24201 24264 24284 24272 24273 24274 24230 24281

ND ND
BMDL . BMDL
BMDL

MD

ND
1.2

ND

Vinyl Chloride

1, 1-Dichlotrvethene
Methylene Chloride
Trans-1,2-Dichloroethene
1,1, -Dichloroethane
1,1, 1~Trichloroethane
1,2 Dichloroethane
Benzene

Carbon Tetrachloride
Trichloroethene
Toluene

3y Tetrachloroethene
MMEthyl Benzene
Q¥ylene

Sk
5555935
c

35,3353

-
.
L]

BMDL
ND
2.9
ND
BMCL
1.1

[ ]
8]
[

B3LH8

Wi 324N0S
L3
g
32

M. - Tentatively Identified At Levels Below Detection Limits
N/D - Not Detected
BK - Blank

INIYIINID
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Table 6-3

(EPA Data 3/5 1986)

Sample Concentration ppb Volumetric Basis

Background
Upwind  Upwind
Sample Station # K Tube Supelco 12K 12s 13K 148 15AK 16K
I1ab Reference § 24297 24299 24286 24285 24289 24293 29294

ND BMDL
ND BMDL
BMDL
BMDL
BMDL
BMDL

Vinyl Chloride
1,1-pichlorvethene
Methylene (hloride
Trans-1,2,-Dichloroethene
1, 1-Dichlorvethane
1,1,1=-Trichlorovethane

1,2 Dichlorovethane
Benzene

Carbon Tetrachloride

2 Trichloroethene

e Toluene
oTetrachlorcethene

S Ethylbenzene

%Xylene 1.3

mgé
%%5%55%

%g%%g%%
5555555

5585
CEEEEEE
%E%%g%%

[
-
[ 1)
-
»
o
=t
-
[+4]
=
»
[1V]
Ny
-
[ ad
—
-
s

CE]
3
:

L33
“35
E%mgé
55955

3

-

o w
o

L

0
[
-

235
"E3

M, ~ Tertatively identified at levels below detection limits
QN/D - Not Detected
&K -~ Blank




As Tables 6-1 and 6-2 and 6~3 indicate, the ambient
air gquality results vere virtually the same for both days
despite a 180* chainge in wing direction. No EPA Hazardous
Substance List compounds were detected abcve background levels
by either REI or Epa analysis,

Table 6-4 is a comparison of Houston urban area mean
Lackground and OSHA Threshold Limit Values (TLV) for the RCRA
Hazardous Substance List compounds. RAlthough the SDs site is 3
raral area and Houston is an urban area, the Houston data isg
the only available regional data which is a statistical
representation of background gathered fronm sampling over a
multi-year period. Houston residents are exposed to ambient
air which has toxic air pollutants at concentration levels at
least twice the levels at the Sheridan site.

The field sampling program was conducted during a
period when daily temperatures ranged from 63° +to 779F.
Although these temperatures are representative of mean annual
conditions, maximum emission rates would occur during summer
months when daily temperatures are higher. The emission rates
of organic compounds are linearly relategd to the compound's
vapor pressure, which increases with ircreasing temperature,
The increase in emission rates due to summer temperatures are
therefore pProportionally related to the increase in vapor
pressure of the specific organic compounds. Table 6-~5 sghows
the increase in vepor pressure from 70° to S09F fur the major

volatile organic compounds found in the sludge.

6 - 15
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Table 6-4

Houston Area Background Levels and TLV Valuesg

Concentrations in ppb Volumetric Bagis

Hazardous
Substance List
Volatile Compound

Houston Area
Mean Backgrourdl
(5/14~5/25 1980)

Chloromethare

l.0

Bromomethane 0.1
Vinyl Chloride 5
Chloroethane 0.2
Methylene Chloride NA
Acetone NA
Carbon Disulfide NA
1,1-Dichloroethene 0.03
1,1-Dichloroethane 0.06
Trans-1,2-Dichlorcethene NA
Chloroform 0.4
l1,2-Dichloroethane 1.5
2=Butanone NA
1,1,1~trichloroethane 0.4
Carbon Tetrachloride 0.4
Vinyl Acetate NA
Brorodichloromethane NA
1,2-Dichloropropane 0.08
Tans-l,3—Dichloropropene NA
Trichloroethene 0.1
Dibromochloromethane NA
1,1,2-Trichloroethane 0.03
Benzene 5.8
CIS—1,3~Dichloropropene NA
2-Chloroethyl Vinyl Ether NA
Bromoform 0.01
2-Hexanone NA
4-Methyl-2-Pentanone NA
Tetrachloroethene 0.4
1,1,2,2—Tetrachloroethane 0.01
Toluene 10.3
Chlorobenzene NA
Ethylbenzene 1.4
Styrene NA
HM-Xylenes 3.8
O&4P-Xylenes 1.3
N/A = Not available

I = No standard

Ambient Atmosphere EPA-600 53-83-0

6 - 16

Source Measurement of Hazardous Organic Chemicails
02, March 1983,

OSHA

TLV=-TWA

50,000
5,000
5,000

1,000,000

100,000
750,000
10,000
5,000
200,000
200,000
10,000
10,000
200
350,000
5,000
10,000

75,000
50,000

10,000
10,000

5,000
5,000

50,000
1,000
100, 000
75,000
100,000
50,000
100,000
100,000

in the

RESOURCE ENGINEERING ——
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Benzene

Ethylbenzene

Toluene

TABLE 6-5

VAPOR PRESSURES OF SIGNIFICANT VOLATILE
ORGANIC COMPOUNDS

VAPOR PRESSURE

(in PSIA)
..... .hd?T?PQF € 90°F % Change
1.53 2.54 66.0
0.15 0.28 86.7
0.45 0.79 75.6
-6 - 17
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. Overall, the March 4 and 5, 1986 ambient air
sampling survey generated a very high quality 1level of data ;

which was verified through independent sampling and analysis,

The data are representative of average ambient air quality of

the site and indicate the site has no impact on local air

quality.

e LT 4 R S TR PR T 325 403 3
e g L N YA A .
T s
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7.0 BIOTA INVESTIGATIONS

7.1 Introduction - This chapter presents the results of

an ecological survey of the Sheridan Disposal Services (SDS)
site and the surrounding area. An inital survey was conducted
in January and February of 1986; a follow-up survey was done in
June, 1984, Complete copies of the ecological surveys are

found in Appendices 7A and 7B.

The objectives of the surveys were to:

e prepare an inventory of plants and animals on
the Sheridan Disposal Services site, including
the Sheridan property and the adjacent
property east of the entrance road;

] assess the ecological conditicn o©f  the
property and the current or potential

ecological stresses on the flora and fauna; and

® investigate specifically the presence and
status of endangered plant and arimal species
and assess any critical habitats of those
species.

All areas and microhabitats of the site and adjoining
property, a total c¢f approximately two square miles, were
surveyed. An extensive c¢atalog of the site's plant and animal
species, including population densities and taxa, can be found

in Appendices 7A and 7B.

658
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Floral and faunal diversity and distributions were
evaluated by the site investigator who has performed field work
in this region for 25 years (Appendix 7A, Section 4.1).

Sampling during the survey consisted of:

[ collecting and identifying plant species;

] screening and identifying insect larvae from

., gvaporation system sediments; ... .
; live-trépping small mammals; and
® collecting and identifying insect
invertebrates found under logs and in surface
debris.

In addition to observations and samplings, mammal
species and relative populations were determined by analyzing
tracks found in the survey area. Most of the mammals expected
in the region, based on the investigator's experience, were
detected.

Seasonal ambient conditions during the winter survey
influenced the species diversity greatly. Daytime temperatures
ranged from 35 to 75 degrees F. Previous freezes had killed
much of the emergent plant growth. Additional plant species
were identified in June, 1986 (Appendix 7B).

Birds sighted in January-February, 1986 were those
that normally inhabit the Upper Texas Coast in winter. Some
are permanent residents, but many are present only during this

season and move farther north in the spring. They, in turn,

RESOURCE ENGINEERING —
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are replaced by other species that return to nest. Several
nesting species were verified in June.

The number of insects and reptiles was also reduced
during the winter eseason. Many spend the colder months in
diapause or in hibernation, and are undetectable by surface
surveys. Summer insect populations were particularly high,
accompanied by a high species q;vgrsityflwﬂggypgggpial reptiles
are severely limited on the site because of the lack of
adequate ground cover due to cultivation and cattle grazing.
This lack of cover also limits the number of small mammals.

Summarizing the results of the survey, the SDS site

003660

contains a number of different ecological habitats and a
corresponding diversity of rplant and animal species. These
wvere cataloged and their relative numbers and conditions
observed. The data compare favorably with area bioclogical
checklists and with regional field work carried out by the
investigator over a 25-year period. Indeed, 1in many cases,
nurbers of species and individuals were particularly high.

No detrimental effects on the flora and fauna fronm
the presence of wastes were detected, except for their
occasional physical contact with floating o©il in the disposal
pond. Plant species were as diverse and as abundant in the
immediate vicinity of the disposal system as in the more
distant areas of the survey tract. None showed evidence of
biocontamination as reflected by abundance, etature, foliar

condition, flowers, or fruits. They alse supported high




concentrations of birds and insects (Appendices 74, Section

7.2.1: 7B, Section 5.1).

Insects of several orders were abundant during the
June survey (Appendix 7B, Section 6.5); many species were
cbserved in all stages of development and metamorphosis. No
disruption of nermal development was noted, even in close
proximity to the disposal pond.

No endangered species were detected on the survey
site. Endangered species lists of the U.S. Fish and Wildlife
Service and the Texas Organization for Endangered Species were
checked, county by county, for Waller County and all
surrounding counties. None of the listed species was observed
on the Sheridan Site (Appendix 7A, Section 9.0).

Figure 7-1 shows the location and extent of the

survey in Waller County.

7.2 Ecological Description - Ecologically, the 8SDS site
and adjacent property 1lie on the contact 1line between the
Blackland Prairie and the Post ©Oak Savannah  vegetational
areas. Examples of both vegetational zones occur in the
immediate area, contributing to a high flora and fauna species
diversity.

Two other vegetational areas, the Gulf Prairie to the
southeast and Pineywoods to the northeast, begin only a few
miles away (Figure 7-2). These, too, contribute representative

species to the composite community.

RESOURCE ENGINEERING ——
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S0ils are predominantly Brazoria clays, with zones of
. Oklared and Clemville nearer the Brazos River. These soils are
generally low in permeability and poorly drained. Refer to
Chapter 2 for more information on site soils.

The tract west of the entrance road contains mostly
cultivated hay fields and weedy pastures. Small, isolated
thickets and wooded tracts provide additional wildlife habitats.

Woodlands cover most of the area east of the survey
site. Cedar elm 1is the major tree species; Hawthorn is the
dominant understory shrub. There are also several open pasture,

pond, and forest microhabitats as discussed. A general

003664

description of the survey area is illustrated in Figure 7-3.

7.3 Wildlife Communities <~ The survey area is divided

\ into several distinct wildlife communities or biomass. The

. bPiomass in the Sheridan property include:
1) the disposal pond;
2) the evaporation system: -
3) Clark Lake:
4) the Brazos River bénk:
5) the hay fields:
6) pastures;
7) wet‘thickets: and
8) the river bank woodlands.

The location of these areas is shown in Figure 7-4.

7 -7
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:7.3.1 Disposal Pond - The earthen dike aroung the

disposal pond is covered with grasses and other herbaceous

plants. The slope to the edge of the pond is fairly gentle;

the slope to the surrounding f;glgmuisﬂﬁteeperpgnd,erqded by .

rainfall and cattle paths in several places. Vegetation covers
nearly 100% of the dike on the east side of the pond; but
emergent plant growth covers only 70-80% of the western side.
Bare areas are due primarily to erosion, not to any apparent
chemical or physical damage by pond substances. A veriety of

pPlants thrives to the water's edge.

Low groundcover consists of bermuda grass

(Cynodon dactylon) and a mixture of other grasses, Curly dock
(Rumex crispus), rough-seed buttercup (Ranunculus muricatus),

white and Caroline clovers (Trifolium repens and T.

carclinianum), black medic (Medicago lupulina), Carolina
geranium (Geranium carolinianus), wood-sorrel (Oxalis sp.),

bull thistle (Cirsium horridulum), clasping henbit (Lamium

amplexicaule), southern dewberry (Rubus trivialis), ard several

other low growing species are mixed with the grasses. Taller

giant ragweed (Ambrosia trifida), rattlebush (Sesbania

drummonQii), silver-leaf nightshade (Solanum elaeagnifolium),

tall goldenrod (Solidago altissima), and cocklebur (Xanthium

strumarium) are also Common.

Many of the plant stalks were festooned in

winter with egy cases of the black-and-yellow garden spider

(Argiope aurantia). Several cases were opened and contained

7 =10
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1iving baby spiders. Their numbers indicated a thriving insect
population during warmer seasons; this was confirmed in the
June follow-up (Appendix 7B).

Tracks of white-tailed  deer = (0docoilus

virginianus), raccoon (Procyecn 1lotor), and gray fox (Urocyon

cinereoargenteus) were found in hardened mud along the waste

lagoon levee. Small pools of water in depressions on the dike
harbored thick algal mats and a number  of recently

metamorrphosed bullfrogs (Rana catesbeiana). Bullfrogs and

several red-eared turtles (Chrysemys scripta elegins} were also

found in a small pond just outside the eastern dike wall.

The wild animals were not sacrificed for

003668

biocontamination studies because there was no evidence of
stressed populations, even in those species that complete their
reproductive cycles within the immediate disposal-pond area.
Cattle were the most freguent mammalian visitors, and they were
stbjected to biocassay (Chapter 8.0). No contaminants above FDA
regulatory levels were found.

A recently dead lesser scaup duck (Aythya
affinis), the skeletal remains of a red-winged Dlackbird

{Agelaius phoeniceus}, and a great blue heron (Ardea herodias)

were found along the bank. These birds were covered with oil

and presumably died from direct contact with floating oil.
Observation of remains revealed no evidence of

scavenging. Scavengers normally dismember a skeleton as they

eat flesh. These skeletons were intact. This observation is

7 - 11
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consistent with Dr. Tveten's experience that wild animals
rarely scavenge on the carcasses of birds that have died after
direct contact with o0il. Scavengers appear to be repelled by
the odor and taste of the oil on the animal.

T"7.3.2 Evaporation System - Earthen dikes divide the

evaporation system into many shallow ponds, similar to a rice
field (Figure 7~5). Some sections were flooded a few inches in
depth during the survey: others were dry. These would be
expected to fill to a greater extent during heavy rains.
Various aspects of the evaporation system are shown in Figure
T7-6.

Ground cover on the dikes is sparse in winter,
and heavier in warmer seasons of the year. It consists
primarily of short grasses and clovers. Giant ragweed Slug for

(Ambrosia trifida), curly dock (Rumex crispus), cocklebur

(Xanthium strumarium), and rattlebush (Sesbania drummondii)

grow on the dikes and, to a lesser extent, in the system

impoundments themselves.

Tracks of raccoons (Procyon Jloter) and an

oposs'm  (Didelphis wvirginiana) were found in the impoundments.

A large flock of up to 160 least sandpipers (Calidris
minutilla) wused the evaporation system as a feeding ¢ground
continually during the winter  survey:; a flock of 130

green-winged teal (Anas crecca) was observed on ohe occasien.

Smaller number of mallard (Anas platyrhynchos), killdeer
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(Charadrius vociferus), blackbellied plovers (Pluvialis

squatarcls), greater and lesser yellowlegs (Tringa wmelanoleuca

and T. flavipes), common snipe (Gallinago gallinago), water

pipits (Anthus spinoletta), red-winged “‘lackbirds (Agelaius

phoeniceus) and savennah sparrows (Passerculus sandwichensis)

were also seen from time to time, as were a great blue heron

(Ardea herodias}, and a great egret (Casmerodius albus).

Clearly the construction of this evaporation
system has created a new habitat for wildlife on the S8DS site;
it is one that did not previously exist. Shorebirds and
waterfowl flock to the ponds to feed on organisms breeding in
the shallow water and wet mud.

To identify the food items of the sandpipers
and ducks, mud samples were taken from two locations where the
large flocks were observed most often. The samples were washed
and screened, and the organisms examined under a microscope.
Enormous numbers of two genera of 'bloodworms" midge larvae
(family Chironomidae), were found as well as several other
insect larvae and pupae, all of the order Diptera. Figure 7-~7
is an illustration of the insect larvae found.

A study of possible chronic effects on birds
utilizing the evaporation area as a feeding g¢ground was not
deemed feasible, since they were primarily migratory species
that move northward to breed. They could possibly be netted
and banded, but they would be gone before any cumulative or

chronic effects c¢ould be assessed,
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The fact that these populations are migratory,
however, also decreases their exposure to potential hazards and
reduces the possibility of chronic toxicity. Birds observed
appeared to be outwardly healthy and active.

'7.3.3 Clark lLake =~ Clark Lake is a long, narrow lake

formed by damming a natural drainage channel. Clark lake |is
divided into 3 sections by two earthen dams; these sections

must be considered as biologically separate. A thin screen of

large black willows (Salix nigra) and locust trees (Gleditsia

sp.) grews along the edge of Clark Lake, together with the

rattlebush (Sesbania drummondii}. Sugar hackberries (Celtis

laevigata) and a few pecan trees (Carya illinocensis) grow along

the higher portions of the barnks and are interlaced with the

vines of grape (Vitis sp.), saw greenbriar (Smilax bona-nox),

and southern dewberry (Rubus trivialis).

The east section of the lake is filled with

floating water-hyacinths (Eichhornia crassipes). As many as

eight very large red-eared turtles (Chrysemys scripta elegans)

were seen sunning on floating 1logs (Figure 7-6); small

bullfrogs (Rana catesbeiana) and numerous mosquito-fish

(Gambusia sp.) were observed in the water.
The long, central portion of +the 1lake lacks
the water-hyacinths because of the physical barrier of the Gam;

it is heavily matted instead with pondweed (Potamogeton

nodosus) (Figure 7-6). ‘Various grasses (family Gramineae) and

sedges (family Cyperaceae) grow in shallow water, along with
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arrowhead (Sagittaria sp.) and water smartweed (Persicaria

hydropiperoides).

The western section is dry during portions of
the year; thus it has little of the aguatic life characteristic
of the other two. |

Belted kingfishers (Ceryle alcyon) were
observed feeding on aquatic 1life on several occasions and a

Cooper's hawk (Accipiter coperii) was seen once in the trees.

Numerous small birds utilized the habitat from time to time.

During September 1984, Resource Engineering,
Inc. conducted an aquatic survey of Clark Lake. This survey
was designed to determine the biological diversity in the lake
as well as to determine if the aguatic life was undergoing
environmental stresses attributable to the SDS waste management
area. Sample sites were chosen to account for ©possible
environmental wariations which could affect the distribution of
oerganisms.

All locations seined produced comparable
numbers of nektonic and amphibius species. Benthic species
wvere found in greater abundance near the shoreline. Aquatic
and terrestrial insects were collected from the water's
surface. These data are presented in Appendix 7C.

7.3.4 Brazos River Bank - The river bank along the

northern edge of the Sheridan survey site is primarily a steep
clay bluff descending abruptly to the water (Figure 7-6). Near

the eastern boundary, on the adjacent property, a small
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floodplain woodland contains eastern cottonwood (Populus

deltoides), pecan (Carya illinoensis), sugar hackberry (Celtis

laevigata) and a few green ash (Fraxinus pennsylvanica). Large

grape vines (Vitis sp.) drape the branches. A fenceline along
the top of the bluff 1is grown up with hackberry, 1locust

(Gleditsia sp.) and Hercules~club (2anthoxylum clava=-herculis).

The bank becomes more abrupt west of the §DS
disposal area, and the trees decrease in size and number.

Black willows (Salix nigra) and a few cottonwoods cling to the

bank below the brink and extend down to the edge of the water.
Few herbaceous plants grow on the steep clay bank except for

giant ragweed (Ambrosia trifida) and tall goldenrod (Solidago

altissima). Constant erosion from rainfall and river-level
fluctuations precludes extensive plant cover or attendant
wildlife populations.

7.3.5 Hay Fields =~ The entire southern portion of

the Sheridan property, from the entrance road on the eastern
boundary to the oilfield road and western fenceline, has been
planted in hay. During the past season, this was a tall
commercial sorghum known as "“Hay Grazer." The last cutting was
not completed in the fall, and the hay remained in the field.
A portion of this was being plowed during the winter study
period.

The only ecological diversity within this
section 1is along the southern and western fencerows and in

small, wet drainages. The southern fenceline conteins sugar
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hackberry (Ceitis laevigata) and a few Hercules~club

{Zanthoxylum <c¢lava~herculis) overgrown with dewberry ang

blackberry (Rubus sp}. Low drainage areas contain various

grasses (Gramineae)}, sedges (Cyperaceae), false dragon~head

(Physostegia sp.) and horsemint (Monarda sp.).

A wide ditch between the oilfield road and the
fenceline on the western boundary is relatively bare except for

stalks of giant ragweed (Ambrosia trifida).

Birds seen using these fields included large

numbers of eastern meadowlarks (Sturnella magna) and savannah

sparrows (Passerculus sandwichensis). Hawks, vultures and crows

were seen frequently, and flocks of geese passed overhead
several times. It appeared that one flock of snow geese (Chen

caerulescens) intended to land in the hayfield but was

frightened by a tractor and continued on.

Seventy Sherman rodent traps were set along
the southern fenceline (Figure 7-4) at 30-foot intervals and
baited with a mixture of millet and sunflower seeds. Set
before dusk and picked up the following wmorning, they

produced: a northern pygmy mouse (Baiomys taylori), a fulvous

harvest mouse (Reithrodontomys fulvescens), and a hispid cotton

rat (Sigmodon hispidus): this was a normal sample for a

cultivated area.
7.3.6 Pasture - The northern portion of the Sheridan

property consists of open pasture. Short grasses, including

Bermuda grass (Cynodon dactylon), dominate in the east (Figure
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7-8): the western portions are much more weedy. No differences
in type or abundance of vegetation were seen in the immediate
vicinity of the disposal pit or northwestward from the pit to
the river bank, the direction of flow of = the . shallow .
groundwater. -

Taller growth includes the dominant giant

ragweed (Ambrosia trifida) and silver-leaf nightshade (Solanum

elaeagnifolium), as well as scattered cocklebur (Xanthium

strurarium}), goldenrod (Solidago sp.)}, and croton {Croton
sp, ). At the nortpwest corner of the tract, the dense weeds

(chiefly ragweed) reach a height of € to 8 feet.

0036738

Most abundant of the other herbaceous plants

are: blue-eyed~grass (Sisyrinchium =sp.}, curly dock (Rumex

crispus), peppergrass (Lepidium virginicum), black medick and

and spotted bur-clover (Medicago lupulina and M. arabica),

white and Carolina clover (Trifolium repens and T.

carolinianum), Carclina geranium (Geranium carolinianum),

axocatzin (Sida rhombifolia), pink evening-primrose (Oenothera

speciosa), ‘chervil {Chaerophyllum tainturieri) ponyfoot

{Dichondra carolinensis), tuber vervain (Verbena rigida),

frog-fruit (Phyla sp.), clasping henbit (Lamium amplexicaule),

groundcherry (Physalis sp.), fleabane (Erigeron sp.), ragwort

(Senecio sp.), bull thistle (Cirsium  horridulum), Indian

blanket (Gaillardia pulchella), and several other unidentified

composites.
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Several areas contained fresh series of pocket
gopher mounds. Presumably these were of the Louisiana pocket

gopher (Geomys breviceps), although they could possibly have

been Geomys attwateri. The Brazos River 1is generally regarded
as the boundary between these newly separated and very similar
species. No attempt was made to trap the gophers.

The dominant birds were essentially the same

as in the cultivated fields and included 1loose flocks of

eastern meadowlarks (Sturnella magna) and wintering savannah

sparrows (Passerculus sanwichensis). Of special note, however,

was a flock of 50 McCown's longspurs {(Calcarius mccownii), a

003680

very unusal winter sighting in this area {Feltner and
Pettingill, 1980). Local birders have reported them at other
locations in Waller County this year.

Fire-ant mounds are abundant throughout the
pasture, as they are in virtually every other habitat.
Crayfish towers were also found in several places.

7.3.7 Wet Thicket = Isolated in the Sheridan pasture

is a wet thicket of trees and shrubs @ (Figure 7-8).
Approximately 15¢ feet across, it is the lowest spot in that
portion of the survey area. At the time of the study, the
water was 4 to 6 inches deep keneath the trees.

Vegetation consists of large black willows

(Salix nigra) and water locusts (Gleditsia aquatica) with

smaller green ash (Fraxinus pennsylvanica), hackberry (Celtis

laevigata), and buttonbush (Cephalanthus occidentalis). Sedges
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(Cyperaceae) and dense tangles of dewberry (Rubus sp.) fringe

the wet area of the thicket.

Yellow-rumped warblers {bendroic coronata)

were the only birds found in the *hicket, but tracks of herons
and several smaller birds in the mud indicate they are
frequently present. No mammal tracks were found, nor were any
frogs or other reptiles or amphibians detected in the water
here. Because of its small size, the tract appears to serve
mainly as & temporary shelter for transient animals (Appendix

A, 7.1.7).

7.3.8 Riverbank Woodland ~- At the far northwest

corner of the Sheridan tract is a floodplain woodland that
extends along the bank of the Brazos River onto adjacent
property to the west. About 6 to 8 feet lower than the
surrounding area, with a more alluvial soil, it provides a
unique ecological niche (Figure 7-8).

cn the slope around the edge are sugar

hackberry (Celtis laevigata) and pecan trees (Carya

illinoensis), draped heavily with 1large vines of grape (Vitis

sp.,) and poison-ivy (Rhus toxicodendron). The bottom is

relatively open and contains quite large eastern cottonwoods

(Populus deltoides) and sycamores (Platanus occidentalis).

Several armadillo burrows {Dasypus

novemcinctus) and an active den of a gray fox (Urocyon

cinerecargenteus) were discovered. Bird species  included

eastern bluebird (Sialia sialis), white-throated sparrow
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{Zonotrichia albicollis), field sparrow (Spizella pusilla), and

vesper sparrow (Pooecetes gramineus) .

7.4 Adjacent Property - The adjacent Styers property is

heavily wooded: esmaller, cleared pasture areas are scattered
throughout. The area surveyed extends from the site entrance
on the west to the eastern edge of the woods. The latter
boundary corresponds roughly to the corner where Clarke Bottom
Road turns south. Two north-south fences divide the tract
roughly into thirds and serve as boundaries for small pastures
or thickets that reflect varying 1land-use histories. Figure
7-9 shows the various environs found in the adjacent property.
Cedar elm dominates the woodland with an understory
cf hawthorn covered with greenbriar vines. Tree 1limbs are
heavily draped with an epiphytic covering of various fruticose
anu foliose lichens, most dramatic of which is old man's beard

(Usnea sp.). Spanish-moss (Tillandsia usneoides) also grows on

some of the larger trees (Figure 7-8), as does the

semiparasitic mistletoe (Phoradendron tometosum). The latter

is particularly prevalent on the southern edge of the tract
along Clarke Bottcm Road.
Groundcover in the woodland consists of a mixture of

grasses and herbacecus plants that are heavily grazed by

cattle. Blue violet (Viola sp.), Carolina buttercup
(Ranunculus caroclinianus), early buttercup (R. fascicularis)
7 « 25
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and rough-seed buttercup (R. mnuricatus) are prominent in
molister, shady areas. Open, sunny spots contain lyre-leaf sage

{Salvia lvyrata) and self-heal (Prunella vulgaris).

Most abundant of the small woodland birds in winter

were the American goldfinches (Carduelis tristis). An

estimated 1,500 were seen one day, most of them in one enormous
flock. The seeds of cedar elm are favored food items of the
goldfinch, and the preponderance of that tree species
apparently ensures a correspondingly high finch population.
S=all feeding flocks of Kinglets, warblers, woodpeckers,
chickadees and titmice were also fregquently encountered. The
high density of seed-eating birds argues for highly
reproductive success and good vitality of the large cedar elms
{Appendix 7A, Section 7.2.1).

A pair of red-shouldered hawks (Buteo lineatus) and a

pair of barred owls (Strix varia) were seen on  several

occations and were freguently heard calling. These raptors are
undoubtedly permanent nesting residents and indicate a stable
forest environment. The large pileated woodpecker (Dryocopus
pileatus) was also observed.

The northwest corner of the adjacent woodland 1is
unigue in the survey area in that it contains a mixture of very

large pecan (Carye illinoensis) and southern red ocaks (Quercus

falcata) (Figure 7-8}. Both species appear to be in good

health and are producing large guantities of nuts and acorns.
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American and cedar elms (Ulmus americana and U,

crassifolia), hawthorn (Crataequs sp.) and yaupon helly (1lex
vomitoria) are also present in this area and make this a denser
wocds than that which occurs across the rest of the tract,
Stem densities hefé #varage 30 trees of more than 2-inch
diameter per 400 square feet.

Vines that envelop the trees and further add to the

forest density include grape (Vitis sp.), Carolina snailseed

{Cocculus carolinus), southern dewberry (Rubus <trivialis),
pcison=-ivy (Rhus toxicodendron), rattan-vine (Verchemia
scandens), and saw greenbriar (Silax bona-nox). The resulting

thickets provide additional shelter and food for flocks of

foraging Lirds. An eastern cottontail (Sylvilagus floridanus)

was observed here, as was a fox squirrel (Sciurus niger).

A trapline of 90 small Sherman 1livetraps was placed
at 30-yard intervals in a winding course through this section
(Figure 7-7}. However, no rodents were captured overnight.
This can be explained by a lack of suitable ground cover due to
heavy grazirng, even in moderately dense segments of the woods.
There is very 1little good habitat for mice:; the surrounding
woodland 1is even more open. Plentiful natural food from

fruiting plants would also decrease trapping success (Appendix

7A, Section 7.2.2).
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Two sections of the wocds, adjacent to open pastures
have been cleared of all large trees sometime in the past and
now contain primary hawthorn (Crataegus 6p.) with tangled

thickets of saw greenbriar (Smilax bona~-nox) {(Figure 7-10).

Birds frequenting these shrubby thickets included:

mourning dove (Zenaida macroura), eastern phoebe (Sayornis

phoebe), house wren (Troglodytes aedon), northern mockingbird

(Mimus polyglottos), brown thrasher (Toxostoma rufum), northern
cardinal (Cardinalis cardinalis}, song sparrow (Melospiza

melodia), Lincoln's sparrow (M. lincolnii), white-throated

sparrow (Zonotrichia albicollis), white-crowned sparrow (z.

003686

leucophrys), Harris' sparrow (Z. querula) and dark-eyed junco

(Zunco hyemalis).

These microhabitats, however, are too small to serve
as wunique niches for resident wildlife; most of the birds
otserved were adventitious feeders.

A small segment of the adjacent woodland is 1lower and
wetter and represents a very different microhabitat. Numerous

green ash trees (Fraxinus pennsylvanica) are scattered amnong

the larger cedar elms (Ulmus crassifolia), and the spongy

ground 1is covered with a sphagnum-type moss of undetermined
species. Principal herbaceous plants visible during the study
were Dblue vioclet (Viola sp.), rough-seed buttercup (Ranunculus
muricatus) and a bedstraw (Galium sp.). The area 1is probably

too small, however, to attract unique wildlife species.
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The northeast corner of the adjacent woodland,

bordering the Brazos River, is several feet lower than most of
the surrounding land and contains very different floral

components. Large sugar hackberry trees (Celtis laevigata)

combine with pecan (Carya 1{llincensis), southern red oak

Quercus falcata), white oak (Quercus alba), and post ocak

(Quercus stellata). There are very few understory shrubs, and
the ground was heavily grazed and trampled by cattle at the
time of the survey.

Fallen timber is much more abundant in this habitat;
a number of invertebrate species were located by turning over
logs. The same procedure of rolling logs also revealed several

ground skinks (Leiolopisma laterale). No other reptiles were

observed. 1In the experience of the site investigator, this
paucity of reptile forms, as with the scarcity of small
rodents, should be attributed to lack of adequate ground
cover, Except for the fallen logs, the ground in this woodland
section was essentially bare mud, pock-marked with cattle

tracks.

Several armadillco (Dasypus novemcinctus) burrows were

found, and a flock of as many as 150 common grackles (Quiscalus
quiscula) foraged through the open woods.

Several small areas throughout the adjacent property
have been cleared of all trees and shrubs and are heavily
grazed by cattle. Groundcover consists of a mixture of short

grasses and many of the herbaceocus plants found in the adjacent
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Sheridan pasture. Isolated patches of taller weeds include

giant ragweed (Ambrosia ¢trifida), goldenrod (Silidago sp.),

milkweed (Asclepias sp.), and silver-leaf nightshade (Solanum

elaeagnifolium).

A very distinctive feature of the adjacent woodland
is a long, narrow pond that begins at the entrance road across
from Clark Lake and runs generally eastward across the tract.
It is apparently an old oxbow of the Brazos River and provides
a unique habitat for both plants and animals (Figure 7-10).

Growiny in and along the water's edge are green ash

(Fraxinus pennsylvanica), water locust (Gleditsia aguatica),

western socapberry (Sapindus drumondii) and rattlebush (Sesbanis

drumondii). The western end of the pond, adjacent to Clark

Lake, is filled with water-hyacinth (Eichhornia crassipes); the

remainder has a heavy growth of various sedges (Cyperaceae),

arrovhead (Sagittaria sp.)}, and floating wvater smartweed

(Persicaria hydropiperoides).

Numerous mosquito-~fish (Gambusia sp.), red-eared

turtles (Chrysemys scripta elegans), small bullfrogs (Rana

catesbeiana), fishing spiders (Dolomedes sp.), and unidentified

water insects indicate a fairly reliable water supply.

Two pairs of wood ducks (Aix sponsa) and several

mallards (Anas platyrhynchos} were flushed from the pond on

several occasions. Yellow-rumped warblers (Dendroica coronata)

routinely fed through the overhanging branches.
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Three fairly large, square, manmade ponds are
scattered through the adjacent tract. These "tanks" have heavy

algal growths and contain wmosquito-fish (Gambusia sp.) and

agquatic insects. They are visited by a variety of birds and

mammals, including ducks, herons, raccoons and deer.

7.5 Birds - A composite 1list of 73 bird species was
accumulated during five winter visits to the SDS site. Nine
more were added in June, 1%86. These are summarized in Table 2
in Appendices 7A and 7B. The commen and scientific names and
phylogenetic order follow the new American Ornithologist's

Union (A.0.U.) Check-List of Ncrth American Birds, 6th Ed.,

1983, as reviewed by Bryan et al (1984). Taxonomy and names
differ significantly from older guidebooks that are still
fregquently used.

The species list, of course, is highly dependent on
the season o©¢f the year. Many birds present in January move
farther north to nest. Their places are taken, in turn, by
others that arrive after wintering in Central or South
America. Confirmed nesting species are indicated in Appendix
7B, Table 2. Species diversity reaches its maximum during
spring and fall migrations when numerous warblers, vireos,
thrushes, oricles, grosbeaks, tanagers and buntings move across
or up the Texas Coast. A number of these migrants might be
expected to visit the area. A species 1list was compiled by

birdwatching intensively, using 10 X 40 Zeiss binoculars.
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The site investigator, Dr. Tveten, an experienced

Texas birder and c¢oauthor of A Birder's Guide to the Texas

ccast (James A. Lane and John L. Tveten), considers the 82
species seen to be an excellent total for so small an area.
Most of the expected species were encountered, sometimes in
unexpectedly high numbers. American goldfinches (Carduelis
tristis), for example, were present in a flock of approximately

1,500 individuals, probably because of the abundance of cedar

elms, the seeds of which are a favorite goldfinch food. ;:
Bird populations cn the site appear to be diverse, :2

nurerous, and outwardly healthy. The greatest immediate threat O

is in physical contact with floating oils and chemicals irn the < :

disposal pond. No endangered bird species were seen on the SDS

site.

7.6 Mammals ~ Evidence was found on the site of 12

differernt mammal species. Four were actually observed in the

woodland: Virginia opossum, nine-banded armadillo, eastern
cottontail, and fox squirrel. Three rodents were
live-trapped: fulvous harvest mouse, northern pygmy mouse, and

hispid cotton rat. Three were identified from tracks (Murie,
1974): gray fox, raccoon, and vwhite-tailed deer. An active
den of the gray fox vas also found, although the animal was not
observed. The diversity of mammal species found at the site
was high as indicated by area checklists and the investigator's

prior experience. Most potential residents were detected.
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7.7 Endangered Species - The only endangered species

federally listed for Waller or adjacent Washington County (U.s.
Fish & Wildlife Service communication) is the bald eagle

{Haliaeetus leucocephalus). No eagles were seen on ¢the SDS

site, and no evidence of nesting was detected. There are no
known bald eagle nests in that vicinity.
Other endangered species 1listed for adjacent Harris

and Grimes counties include the arctic peregrine falcon (Falco

peregrinus tundrius), brown pelican (Pelecanus occidentalis)

and VNWavasota ladies'~tresses (Spiranthese parksii), a small

wild orchid. Texas bitterweed (Hymenoxys texar.a) has been

proposed for listing.

It is remotely possible that a peregrine falcon could
move through the SDS site, but it is no more likely to follow
such a route than any other. The brown pelican, listed for
Harris County, is a salt-water species that needs no
consideration as a potential visitor.

The Spiranthes is known from Grimes County, but has

not been found in Waller County. The habitat does not seem

appropriate, and 1its presence 1is very unlikely. None was

detected during the survey. Hymenoxys texana is now Xknown only
from three small populations near Houston in Harris County.
Consideration was also given to the potential for the

Houston toad (Bufo houstonensis). The species has not been

reported in Waller County, however, and the habitat does not
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appear appropriate. The toad requires a more sandy soil than

exists on the SDS site.

The most recent 1list of the Texas Organization for

Endangered Species (T.0.E.S5.), Endangered, Threatened, & Watch

List of Plants of Texas, (December 1983), was also examined for

species that are state-listed but not on the federal roll.

None is known to occur in Waller County.

7.8 Biocaccumulatjon = Fat tissue and blood samples were

taken from Mr. Sheridan's cattle (8.2.3) to assess the
potential for bicaccumulation of heavy metals and organic
compounds. Cattle were chosen as the subjects because, prior

tc erecting the fence to limit site access, they had free range

003693

of the entire site. They were fregquently observed drinking
water from the evaporative system and consuming vegetation in
the evaporative system and on the Pond Levee.

At the time of the sampling, cattle were <the most
commonly found mammal at the site. Considering the migratory
nature of most of the other animals observed at the site, the
cattle as a stable population were a good indicator of
potential biocaccumulation. | |

Poiychlorinated  biphenyls (PCBsg) were selected
because of the organic compounds found at the site; they had
the highest Biclogical Concentration Factor (BCF) (Table 3-24)
and, if present, would readily accumulate in animal fat.
Cattle blood samples were taken because lead accumulates in

blood after ingestion of contaminated soils or plants.

T = 39
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Test results revealed (Table 8-1) no detectakle
levels of PCB in animal fat tissue and no lead in their blood.

7.9 Cconclusjons = The ecological survey may be summarized

with the following conclusions.

. Ng, stress on the surrounding plant and animal
communities was attributable to the materials
in the diked disposal pond. An abundance of
floral and faunal species occurs on the dike,
even to the edge of the water. No differences
in plant growth were found in the direction of
the flow of shallow ground water toward the
Brazos River nor in any other direction.
There is no runoff toward Clark Lake from the

disposal pond (Figure 7-5).

™ Diversity of ecoclogical habitats at the site
is high, with an attendant diversity and
abundance of plant species. Diversity of
animal species 1is correspondingly high with
total numbers as large or larger than would be

expected.

. Birds are particularly abundant, both with

regard to species and to individual numbers.
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Construction of a diked evaporation field
created a new habitat for wildlife on the SDS
site-~one that did not previously  exist.
Shore birds and water fowl flock tc the ponds
to feed on organisms breeding in the shallow

water and wet mud. See Appendix 7A, 7.1.2.

Clark Lake on the Sheridan tract and an oxbow
pond on the adjacent Styers property appear to
have thriving populations of aquatic plants
and animals. Fish, turtles, frogs, and
insects were seen in abundance. A number of

birds and mammals feed on these organisms.

Forest trees adjacent to the disposal pit and
evaporation field appear to be in good
health. Nearby pecans and southern red oaks
are very large and are producing good crops of
nuts and acorns. Large ceda: elms are

extremely productive.

No deleterious effects on wildlife can be
attributed to oils or chemicals spreading from
the disposal area. A seemning scarcity of

small rodents and terrestrial reptiles almost
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certainly etems from a lack of suitable ground

cover due to heavy grazing of cattle,

The only immediate threat to animal life from
the disposal pond is one of physical contact
by water fowl. Birds landing on the pond may

be injured or killed by contact with floating

oil.

No federal or state-listed endangered plant or

animal species were detected on the sgite. One

003696

bird, the bald eagle, could conceivably wander
through in winter, but no evidence of nesting

was found.
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8.0 PUBLIC HEALTH AND ENVIRONMENTAL CONCERNS

There appears to be no damage attributable to the SDS site
to: flora or fauna living on ¢r around the area; the Brazos
River and any users; users of the shallow aquifer; and users of
adjacent property. S Bt

Air monitoring both around the waste pond and at the
perimeter of the site showed no concentrations above background

of RCRA organic compounds on the Hazardous Substances List.

Cattle grazing in the area were sampled for lead and PCB
levels in blood and fat tissue. No levels of either
constituent were found above detectable levels.

An acute oral toxicity test was performed on rats using

0037060

pond sludge. No rats died using a dosage level of 5050 mg/kg.

According to Casarette and Doull's Toxicology: The Basic

Science of Poisons, a material with an LDgg between 5,000 mg/kg

and 15,000 mg/kg 1is considered slightly toxic. Long-term,
chronic effects and carcinogenic effects will be further
evaluated in the Site Endangerment Assessment.

The acute oral test protocol is required by EPA in
evaluation of hazardous suhstance to human and domestic animals
(EPA publication 540/9-82-025, November 1982). The complete
toxicelogical report is foﬁnd in Appendix 8A of the RI.

The acute oral toxicity test was run to determine an LbDsy
for the lagoon sludge. Although the lagoon sludge has many
individual components, these components, collectively, may

produce toxic effects different from the individual components.
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As an acute poison, benzene produces narcotic effects.
High chronic doses of benzene have been  associated with
leukemia, aplastic anemia and other blood disorders. This,
however, does not mean that some mixture in which benzene is
found would produce the same acﬁte 6r chronic effects. Risk
calculations and further discussion of this phenomena will need
to be addressed in an endangerment assessment.

8.1 Potential Receptors = The potential exposure routes

include: direct contact with the waste pond and evaporation
system, surface water, groundwater, soil and air. These
exposure routes were evaluated with respect to the following:

1) all flora and fauna living on or adjacent to

the site, either north or south of the Brazos

River;
2) the Brazos River and any users;
3) users of adjacent property;
4) any users of the shallow groundwater; and
5) the occasional visitor or trespasser on site.

Those receptors with potential for direct contact are
vegetation and animal 1life, both wild and domestic, that
presently reside at the site and human visitors or
trespassers. To prevent trespassing or accidental exposure, a
fence has been installed surrounding the site.

8.1.1 Human Receptors - A regional map of

communities within a 12-mile radius of the site is presented in

Figure 8-1.
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The 1985 estimated population for this 12-mile

radius area 1is 15,527, which amounts to an average of 35 people
or 12 households per square mile. This is an increase of 23
percent from the 1980 census. An estimated increase in
population of only 14 percent is expected by the year 1990.
The average household size, 3 people, has remained constant and
is not expected to change through 1930,

Over 60% of the surrounding population resides
in the communities of: Hempstead, Prairie View, Chappel Hill
and Washington. These communities are all in excess of 8 miles
from the site. Prairie View is primarily a college community
and, as such, its population will be in continuous change.
Other communities nesar the SDS site are relatively stable, and
all indications are they will remain that way.

8.1.2 Flora and Fauna - The diversity of ecological

habitats at ¢the SDS site supports a wide variety of plant,
animal, and bird species. Numerous shore birds and water fowl
were observed on the evaporation system. Clark Lake and the
Oxbow Pond on the adjacent property to the east appear to have
thriving populations of fish, ¢turtles, frcgs, insects and
agquatic plants.

8.2 Public Health Concerns - To assess the potential risk

to the public health, it 1is necessary to estimate possible
routes of exposure. Three potential exposure pathways have

been investigated for pollutants at the SDS site. These are:
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o ingestion;
™ skin contact; and

™ inhalation,

of the three potential exposure pathways, only
ingestion could be of public health significance. Skin contact
with contaminated materials is limited to the site and is,
therefore, not a public health concern. Inhalation of
contaminants is not a public health concern. Air monitoring
results show contamination levels of hazardous substance
compounds are not above background levels during average annual
ambient conditions. The potential for contaminant ingestion
can be further subdivided into the categories of groundwater,

surface water, and food chain.

8.2.1 Groundwater - Groundwater is the major source
of water for municipal, industrial, domestic, and irrigation
use ir Waller County. Those water wells within a three-mile
radius of the site have been identified and located on Table
4~1 and Figure 4-1, respectively. The majority of these wells
are identified fcr domestic use.

Groundwater gquality will be discussed in the
Groundwater Migration Management RI Report. |

8.2.2 Surface Water - The northern boundary of the

Sheridan property borders the Brazos River at an approximate

elevation of 172 feet MSL. The land surface slopes away from

-

e

003704




the river. Generally, the stormwater flow travels south and
then west to the main drainage ditch leading to Donahoe Creek.
Donahoe Creek ultimately discharges into the Brazos River
approximately one mile southwest of tle Sheridan property.
| The man-made Clark Lake is located across the
central portion of the Sheridan property and within the normal
stormwater drainage flow. The nearby diked evaporation system
does not discharge any water to Clark Lake.
Resource Engineering also tested the water in
Clark Lake for priority pollutants during an aquatic bioclogy

survey in September, 1984. No priority pollutant organic

003705

compounds were detected in the lake water.

The Texas Water Commission (TWC) iias
classified the segment of the Brazos River bordering the
Sheridan property as effluent 1limited. Its uses include
contact and non~contact recreation, propagation of fish and
wildlife, irrigation, and domestic raw water supply. The
closest downstream surface water permit for drinking water,
according to the Brazos River Authority, is located in
Freeport, Texas approximately 120 river miles from the SDS site.

Since the shallow aquifer is in hydraulic
connection with the Brazos River, upstream and downstream water
samples were caollected and analyzed for priority pollutants on
April 26, 1984. The results of this sampling indicate that the

discharge of the shallow aquifer to the Brazos has not impacted

the water quality of the river.

RESQURCE ENGINEERING ——




8.2.3 Food Chain Contamination - The land use of the

area directly surrounding the SDS site 1is agricultural,

including pasture and rangeland. Approximately 50 to 60 cattle

graze on the land around the site,

In January, 1986, a cattle biological sampling

program was undertaken on a representative cross-section of the

herd with respect to¢ age and sex. The tests involved taking

tissue sample from the cattle to assess the biocaccumulation of

any significant levels of or PCBs are blood sampling for lead.

The samples were sent to the Texas Veterinary

Medical Diagnostic Laboratory for analysis. No lead

detected 1in the cattle blood.

was

The fat samples were scanned by

a gas chromatograph (GC) for PCBs. No PCBs were detected in

the cattle in the fat tissues. The GC scan did incidentally

detect minute quantities of DDE in four samples which were all

less than 0.5 ppn. DDE is a metabolite of DDT. It is
suspected that DDT was introduced through historic agricultural

use at this site. The USDA acceptable residue of DDT and

metabolites 1in cattle fat

is 5 ppm. Table 1 summarizes all

analytical results. The DDE results are further defined 1in

Table 2.

8.3 Environmental Impact

B8.3.1 Surface Water -

It was previously concluded
that the quality of the Brazos River water is not

impacted by
the SDS saite.

The TDWR sampled the river for damage to aquatic
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life both on March 9, 1972 and May 19, 1977. Samples were

collected from three stations that were located 3 miles
upstream, 100 meters downstream, and 1 mile downstream 5f the
site. This study concluded that there was no noticeabie impact
on the aquatic life of the Brazos River due.to the SDS site.

A 100-year flood event would inundate the
evaporative system. The environmental impacts of potentially

contaminated stormwater runoff would be expected to be minimal

considering dilution effects.

8.3.2 Flora and Fauna - The diversity of plant and

animal life as well as ecological habitats at and ajoining the

D03707

SDS site 1s high. Over 90 woody and herbaceous vascular plants
were recorded. Some 73 specles of birds and 12 species of
. mammals were also identified.

The pond has evidence of abundant floral and
fauna species, down to the water's edge. As discussed in
Chapter 7 and Appendices 7A and 7B, the pond does not appear to T .
contribute any stress to the environment. The pond would only
present a threat to the Eanimal community through direct
contact. Birds who land in the pond could be injured or killed
by the patches of floating oil.

The water quality of Clark Lake was under
investigation by the TDWR in March, 1978 after a fish kill in
the lake. The investigation determined that the probable cause

was  anaerobic conditlons resulting from an overflow of
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Sample Animal

CAl
*CA2
CA3
CA¢4
CAS
CA6
CA7
CA8
CA9
CAl0
CAll
CAl2

CAl3

Table g-~1

Cattle Blood Sampling Analytical Results

(REI Data January, 1986)

Blood Lead

(ppm)

<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0,2
<0.2
<0.2
<0.2

<0.2

Blank Fat Tissue

* Replicate fat tissue samples were analyzed for caz.

ND - Not detected

=~ Not Analyzed

Fat PCBs
—.{ppm)
ND,ND(<0.1)
ND(<0.1)
ND(<0.1)
ND(<0.1)
ND(<0.1)
ND(<0. 1)
ND(<0.1)
ND(<0.1)
ND(<0.1)
ND(<0.1)
ND(<0.1)

ND(<0.1)

DDE
{ppm)

0.27, 0.24
ND(<0.1)
ND(<0.1)
ND(<0.1)
0.28
ND({<0.1)
ND(<0.1)
ND(<0.1)
0.37
0.55
ND(<0.1)

ND(<0.1)
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Cattle

Bull 2 yr.
duplicate

Calf 6 mo.

Ccalf 6 mo.

Cow 2 yr.

Table 8~2

Summary of DDE Residus Levels

in cattle Fat Tissue

(REI Data January 1986)

DDE (ppm)
+27
« 24
+28
.37
.55
8 - 10

USDA Acceptable
DDE Levels {ppm)

5
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wvastewater from the evaporation system. 1In September, 1984 an

aquatic biology survey was conducted on Clark Lake by Resocurce

Engineering. The results of the survey were submitted to the

EPA in October, 1984 in a report entitled "Agquatic Survey of

Clark Lake at Sheridan. Disposal Service."

The lake supports benthic, nektonic, and amphibious
species which suggests a balanced;, aquatic ecosystem. Grass
shrimp is a species which is sensitive to the presence of
organic contamination, A number of these shrimp was collected
during the 1984 survey. The presence of mature grass shrimp
indicates that the 1lake does not have any toxic organic
contamination from the $DS site. Dissolved oxygen
measurements were also taken at that time from 10 sample
locations around the lake. All measurements were above the
minimum level of D.O. necessary to support a diverse ecosystenm
(i.e., 2.0 mg/1).

§.3.3 Conclusions

] SDs oral toxicity tests suggests the
sludges are at worst only slightly toxic based  on
LD50 studies effects. Chronic and potential
carcinogenic long-term effects will be discussed in
the Endangerment Assessment.

° Air monitoring has shown no
concentrations of RCRA Hazardous Substance List

organic compounds above normal background levels at

average annual ambient conditions.

8 - 11
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. No  permanent residences are located
within one mile from the site; a very low population
density exists in the general area. However, a site

caretaker resides 2000 ft southeast of the pond in a

mobile home.

‘w« lThere is no direct discharge of
contaminated surface water from this site under
average ambient site weather conditions.

¢ Brazos River water analysis has shown no
contamination attributable toc the SDS site.

. Cattle tissue and blood analysis suggests

no contaminants from this site in the food chain.

. A diversity of plant and animal life are

present at the site.

] A detailed analysis of Clark Lake shows a

nornal, thriving, aquatic ecosystem (Appendix 7C).

-8 = 12
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TDWR and its predecessor agency's interactions included the
approval for disposal of additional waste streams, site
inspections, and design assistance in the development of the
evaporation system

9,1.1 Near Future Impacts « A recent ecological

survey of the site indicated no existing detrimental effects on
the flora and fauna from the presence of hazardous constituents
at the site. The only exception could be to water fowl from
direct contact with floating oils on the pond (Chapter 7.0).

A Groundwater Higration Management Remedial
Investigation Report will address the potential impacts on
local drinking water supplies, the water table aquifer and the
first confined agquifer (Chapter 4.0).

Preliminary evaluations of recent air
investigations by the EPA's Emergency Response Team and
Resource Engineering indicate that the site does not
significantly impact 1local air quality (Chapter 6.0). This
will be further evaluated in the Endangerment Assessment.
Also, the feasibility study will address the impacts of
disturbing the sludge during interim response actions.

If left urmanaged, the most significant near
future impact is the potential for overflow of contaminated
stormwater from the pond into Clark lLake and the Brazos River.
As discussed in Chapter 5.0, stormwater accumulation could
result in dike overtopping within 3 to 5 years, if not

managed. Releases could impact local aquatic habitats.

- RESOURCE ENGINEERING ——
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9,0 SUMMARY OF INVESTIGATIONS

9.1 Site Background - The Sheridan Disposal Services

(S5DS) site is located approximately 9 miles north-northwest of
Hempstead, in Waller County, Texas. §DS began operations as an
industrial waste disposal facility in the late 1950s.

At present, the site includes a 42-acre land
irrigation/evaporation system, and a pond and levee Wwith a
total surface area of 30 acres. The pond has a water surface
area that has ranged from 12 to 22 acres depending on the water
level. The levee/dike around the pond has a surface area of

approximately 17 acres including portions of the pond which

003713

have previously been closed. An incinerator/evaporator and a
battery o¢f 9 storage tanks are located on the pond levee. The
tanks were used for separation and treatment of oil/water
emilsions and storage of solvents and fuel oils.

The facility's waste management operations included
open pit burning, incineration, surface impoundment disposal,
and land irrigation/evaporation of pond stormwaters.

The site's regulatory history dates back to March of
1963 when a waste disposal permit was received from the Texas
Water Pollution Control Board. In May of 1975, Sheridan
Disposal Services received an operating permit for a liquid
waste burner system. Thé extensive regulatory agency
interaction with waste management operations at the site is

documented in the site timeline, Table 1<), 1in Chapter 1.




g.,1.2 S8Site Investigation Summary - Site

investigations were conducted by the State of Texas regulatcry
agencies. These investigations consisted of inspections and
sample collection. The scope of these investigations increased

in the later years of site operation and closure. In July of

1983, an EPA field investigation team conducted a site survey

to collect background data tor evaluating the site's

eligibility for the National Priorities List under CERCLA.

Resource Engineering Inc. was retained in
February of 1984 by the Sheridan Site Committee to provide
technical assistance in developing a site closure plan. A
series of techknical reports was submitted to the Texas
Department of Water Resources and Region \'A¢ of the
Environmental Protection Agency. This Remedial Investigation

report  reviews all data obvained from the wvarious field
investigations.
9.2 Site Features Investigations
9.2.1 Demography - The major communities in the
vicinity of the §8DS site are Hempstead and Prairie View,

located in Waller County, and Washington and Chappell Hill,

located in Washington County. The 1985 estimated population

for the area within 12 miles of the SDS site is 15,527, which

amounts to an average of 35 people or 12 households per sguare

mile. This is an increase of 23 percent from the 1980 census.
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Over 60% of the residents within the area
studied reside within the major towns and communities
described, with sparse residences in the largely rural areas
closest to the SDS site,

9.2.2 Land Use - Land use within a four-mile radius
of the SDS site is mostly agricultural--rangeland for pasture,
growing of 1livestock feed, and various truck farm crops. Land
not used for agriculture is left as woodlands.

The only land devoted to residential use

within this four-mile radius of the site is the Brown College
community. The remainder of the area is only sparsely
populated.

9.2.3 Area Resources = The resources of imwortance

in the area surrounding the SDS site are surface water,
groundwater, scil, natural gas, sand and gravel. The largest
and most prominent body of surface water is the Brazos River,
which borders the SDS site on the north. There are several
creeks, small lakes, ponds, and oxbow lakes within a four-mile

radius.

The water needs of Waller and Washington

Counties are supplied by groundwater coming from the Jasper and
Evangeline aquifers. The Burkeville aquiclude and Brazos River

alluvium are also used for limited amounts of water.
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Natural gas and gravel are present in minor
amounts. Close to the SDS site are two natural gas wells; a
gravel pit is located four miles to the east. At 1least two
additional natural gas wells are currently being completed

within a two-mile radius of the site.

9.2.4 Climatology =~ The climatology of the area is

genefally maritime with cool winters and hot  summers.
Precipitation is uniform throughout the year with annual
rainfall averaging 40 inches per year. Humidity is relatively
high, ranging from 60 to 90 percent. On average, evaporation
in the area exceeds precipitation by 15 inches per year.

Evaporation exceeds precipitation in March through November,

9.3 Hazardous Substances Investigation - Sheridan

Disposal Services accepted a wide range of wastes from a broad
cross-section of Gulf Coast industries. A survey of available
records indicates 217 generators contributed waste to the site;
wastes were shipped by 43 different transporters. It is
estimated that the total amount of wastes received by the SDS

site exceeded 85 million gallons. The major waste managerment

areas are the:

[ disposal pond,
. dispesal pond levees, and
® evaporation system.

g -5
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9.3.1 Disposal Pond ~ The disposal pond was the

original waste management area at the SDS site. The original
waste disposal practice at the site involved open burning of
wastes and disposal of any ash residue in a small farm pond

located in a natural depression at the Sheridan property. As

the volume of  wastes increased, surrounding soils and

combustion ash were uéed to construét a dike around the
disposal pond. The pond water surface area has ranged from 12
to 22 acres depending on the water level. Approximately 5
acres of the pond in the north and 2 acres in the southeast
section have been filled with construction debris and dike
material. This was done as part of initial closure activities
by SDS during 1979-1984.

The pond contains from 85,000 to 195,000 cubic
yards of organic sludges which contain approximately 50% by
weight water and volatile organics: 30% nonvolatile organics:
and 20% inorganic materials (Table 3-4). This includes sludge
which has seeped into or been covered by the pond levee. The
pond sludge varies in depth from 4" to 3'6" while sludge in the
levee varies from 4' to 6' based on borings. Assuming 3 fcet
of contaminant migration into the subsoils, there 1is a
potential for an additional 60,00 cubic vyards of contaminatzad
subsoils beneath the sludge. While the calculations were based
on an estimated contaminant mi¢ .tion of three feet, it is

possible that the extent of migration could be greater or less

RESOURCF ENGINCERING
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than three feet. The extent of soil contamination will be

further defined in the Supplemental Soil Investigation.

The pond sludge contains a wide variety of

inorganic salts and metallic compounds which could affect the

choice of remaediation (Tables 3-2, 3-3). The major priority

pollutant organic compounds detected were (Tables 3-5, 3~6):

o volatile aromatics - toluene,
ethylbenzene, and ben:zene:

® volatile chlorinated solvents -
tetrachloroethylene, 1,11 trichloroethane, and

trichoroethylene;

® phenols - phenol; 2,4-dimethyl phenol;

® polynuclear aromatic hydrocarbons -
iscphorone, naphthalene, fluorene, phenanthrene and
anthracene; and

@  polychlorinated biphenyls - isomers

Aroclor 1z42 and Aroclor 1260.

Other  organic compounds  detected included C3 and  C;
alkyl-phenols, aromatic hydrocarbnns, biphenyl, aromatic
ketones, alkyl benzenes and aromatic ethers.

Volatile aromatics represent approximately 5%

by weight of the pond sludge composition. Toluene is the major

volatile organic with a concentration determination to be up to

36,600 mg/kg. Polychlorinated biphenyls (PCBs) are present as
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Aroclor 1242 and Aroclor 1260 and range in concentration from 0
to 223 mg/kg in the disposal pond sludge.

9.3.2 Disposal Pond Levee - The levee or dike arcund

the pond has a surface area of approximately 17 acres. The

levee was constructed from surrounding clay topsoils and solid

wastes from on-site treatment operations. The solid wastes

consisted of diatomaceous earth ash residues from on-site
incineration and open pit burning operations. The elevation at
the top of the 1levee varies from approximately 176.5 to 185
feet above mean sea level.

The treatment processes at the SDS site are
all 1located on the +top of the levee, The treatment units
included a receiving pond, an incinerator/evaporator, a boiler,
and a battery of 9 storage tanks. The storage tanks were used
for separation and treatment of oil/water emulsions and stcrage
of solvents and fuel oils. According to an as-built site plan
prepared by O'Malley and Clay Inc. in 1972 for SDS, the tanks
vary in size from 500 to 1000 barrels. The tanks contain from
3 to 7 cubic yards each of bottom sludges, which appear to have
characteristics similar to the pond sludge based on
observations of the tank sludges and discussions with Mr.
Sheridan. A composite sample will be tested during preparation
of the feasibility study.

The levee system has a volume of approximately
165,000 cubic yards. Additional field investigations are

planned to characterize the extent of contamination in the
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levee system. Cone penetrometer soundings and borings in the
levee indicate that the heavy sludge layer extends into
approximately 30% of the levee system and is up to 4 to 6 feet
thick in sections. Historical records show that steel drums
were placed within the north and west sections of the pond
levee. Empty drums are visible in the 1levee material
throughout the north and west sections.

A slope stability analysis of the levee is
presented in Appendix 65D; it indicates adequate safety factors
exist for the current structure.

9.3.3 Evaporation System - The evaporation system is

a 42~acre system of impoundment c¢ells conceived as an
Yevaporation/rapid infiltration method of flood irrigation" for
treatment of pond wastewaters. From 1976 through 1984, more
than 40 million gallons of lagoon wastewater were treated in
the evapeoration system based on TDWR records.

The primary priority pollutants in the pond
wastewater were determined in a June, 1984 analysis by GC/MS to
be:

[ phenol (3.55 mg/l),

l. trich}qroephylene (2.910 mg/1),

° toluene (1.61 mg/l), and

’ tetrachloroethylene (0.51 mg/l).
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Analyees by the TDWR and Resource Engineering
indicate the organic compounds and heavy metals of the pond
wastewater generally decreased in concentration with
progression through the evaporation system cells (Table 3-11).
Phenol and toluene are readily biodegraded (Table 3-24) and
toluene, trichloroethylene and ethylbenzene are highly wvolatile
from solils {Tables 3-~20, 3-22, 3-23). To date priority
pellutant organics found in the evaporation system were only in
areas o©of surface sludge contamination, ad included: phenol,
ethylbenzene, toluene, benzene, 2-4~direthyphenol,
tetrachloroethylene, and N-nitrosodiphenylamine. Additional

sampling of the evaporative system is planned as part of the

003721

Supplemental So0il Investigations.

Table 3-19 compares heavy metal concentration
ranges found in <the evaporation system to site background:
common background ranges found in Us soils; excessiﬁe
phytotoxic 1levels; and EPA maximum metal concentrations for in
place closure of hazardous waste land treatment units. The
upper limit of heavy metal values were all from a worst case
sludge sample located in the inlet cell of the evaporation
system. The 1inlet cell of the evaporation system was an
anomaly since the maximum metal concentrations found in the

other cells were:
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Table 3-19
Hoavy Metal Remedial Concentration Ievels
{mg/Kg)
EPA Maximm Metal Concentrations

Evaporation i For In-Place Closure of _
System Range Hazardous Waste Land Treatment Unitl

75 =~ 100
100 - 400
G0

70 - 400

USEPA, Office of Solid Waste and Emergency Response, Hazardous Waste Land Treatment,
April 1983

Perdias, A.K, and Pendias S.H. 1984. Trace Elements in Soils and Plants, CRC Press.
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Chromium 56 mg/kg
Lead 188 mg/kg
Nickel 44 mg/kg

Additional so0il sampling is planned to further
characterize the evaporation system.

Overall soil conditions at the site do not
favor the mobility of heavy metals. Because of the clay
thickness in aguitard layers, heavy metal migration to

groundwater is not likely. This will be further addressed in

003723

the Groundwater Migration Management R.I.

9.4 Hydrogeologic Regime and Soils

8.4.1 Geology - The 6DS site is located in the
Brazos River drainage basin, The basin 1is a fluvial system
which consists of interbedded sand, silt, and clay. There are

seven sedimentary units in the area. They are, from cldest to
youngest: Fleming Formation, Goliad Sand, Willis ‘Sand, Bentley
Formation, Montgomery Formation, Beaumont Clay, and recent
alluvium of the Brazos River.

The entire 8SDS =site is located on  the
flocdplain alluvium of the Brazos River. T.ae stratigraphy of
the site is typical of alluvial deposits, consisting of sands,
silts and clay. These are interbedded and graded laterally and

vertically into finer and coarser material.

9 - 12
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In general, there are five strata at the site
designated A, B, ¢, D, and E. These strata are shown in
Chapter 4, Figure 4-4. Stratum A, the upper 40 feet, consists
of interbedded sand, silt and clay. .The eastern part of the
site is situated on a silty clay approximately 230 feet thick.
This silty clay pinches out and grades into a silty sand
towards the west. The silty sand covers the western part of
the site and ranges in thickness from 20 to 40 feet.

Stratum B is a fine- to medium-grained sand
that contains thin silt and clay seams. This layer is

approximately 40 feet below grade and an average of 15 feet

003725

thick. Gravel is interbedded within the sand in the lower part
of the sequence.

Stratum C is a dense clay layer that is
approximately 55 feet below grade, and averages 25 feet thick.
The clay becomes somewhat sandier with depth.

Stratum D is fine- to medium-grained sand is
approximately 90 feet below grade. The sand averages 10 to 12
feet thick. Stratum D is confined by Stratum C. |

Stratum E is a dense clay layer approximately
100 feet below grade. This layer is the deepest geologic unit

investigated at the site.

9.4.2 Site Hydrology - There are ¢two aquifers

present within the upper 100 feet at the 8DS site--a water
table aquifer (Stratum A and B) and a confined aquifer (Stratum

Dj. The water table aguifer is the first aquifer encourtered

9 - 14
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below grade. It consists of the upper 55 feet of sands, silts,
and clay. The confined aquifer is 80 feet below grade and is
separated from the water table aquifer by a 25 to 30-foot thick
clay stratum (Stratum C).

Seventeen monitor wells were installed in the
water table aquifer during the past 14 years by various state
regulatory agencies and consultants. One pump test well and
four piezometers were recently installed to determine the
hydrologic characteristics of the water table aquifer.

The transmissivity and permeability of the

water table aquifer were found to be 4.0 x 103 gpd/ft and 7.9 x

003726

10-3 cm/sec, respectively.

The permeability values are within the range
of published values for a silty sand. Because of this
relatively low permeability, however, the water table acquifer
would be marginal as a source for domestic water use.

Groundwater flow in the water table aquifer at
the site is generally northwest towards and into the Brazos
River. However, the direction of groundwater flow is dependent
upon the stage of the river.

During high river stage, the groundwater will
temporarily flow from the rivesr into the alluvium. Alsc under
these conditions the direction of the groundwater is to the
west. These conditions are temporary; when the river stage
returns to normal, groundwater will again discharge into the

river.

9 - 15
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Groundwater velocities in the water table vary
during the year, Velocities range from 57 to 157 ft/yr, based

on recent water level measuremert.

ioimi UnQderlying the water table aquifer is the
confined aquifer. A pump test was conducted on this stratum
using a pump test well and four piezometers to determine the
aquifer's hydrologic characteristics. The transmissivity,
permeakility and storage coefficient are 1.4 x 103 gpd/ft, 5.8
x 10”3 cm/sec and 7.6 x 1079, respectively.

The permeability value is within the range of
published permeabilities for a fine- to medium~grained sand.
The aquifer could sustain a domestic water well, but may not
sustain a low producing irrigation well. It could not sustain
a municipal production well.

Groundwater flow in the confined aquifer is
mostly westerly. During periods of low stage in the river,
groundwater flow in the confined aquifer is towards the river
and its piezometric potential is greater than the elevation of
the water‘ éable agquifer. However, during high river stage, the
groundwater flow direction is  westerly. The  groundwater
elevation of the water table aquifer is then higher than the
piezometric potential of the confined aquifer.

Groundwater velocities of the confined aquifer
are relatively slow, three to seven ft/yr. This is because of
the relatively level pilezometric potential surface of the

aquifer.

9 - 16
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There 1s the potential for a hydraulic
connection between the water table agquifer (Stratum B) and the
first confined aguifer (Stratum D) 1t the SDS site. However,
the realization of this connection is unlikely in wview of the
predominantly upward gradient from the confined agquifer.

9.4.3 Water (Quality ~ Groundwater gquality will be

discussed in the Supplemental Hydrogeologic RI report.

9.4.4 Soils - The SDS site is located on soils of
the Brazoria-Norwood Association. This association consists of
soils on broad floodplains along the Brazos River. The surface
soils are level to gently sloping, somewhat poorly drained to
well drained, and clayey to loamy. These s0ils are considered

to have high potential for crop and pasture production.

9.5 Surface Water Investigations

9,5, Brazos River - The Brazos River 1is the

dominant water feature in the area. The Brazos River borders
the SDS site to the north and is less than 200 feet from the
pond. The Brazos River flow is highly variable and ranges from
137 to 143,000 cubic feet per second depending upon local and
upstream rainfall.

River water sampling indicates the site has nc
current impact on surface water quality of the Brazos River
(Table 5-«2}).

9.5.2 Clark Lake -~ Clark Lake is a egeries of three

shallow ponds formed by two man-made, earthen dams in a natural

9 - 17
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drainage channeli. The pond system impounds approximately 60
acre-ft of water and is located south of the disposal pond and
the evaporation system at the SDS (Figure 5-3).

A, fish kill, occurred in Clark Lake  during
March, 1978. 1Investigations by the Texas Department of Water
Resources determined that the probable cause was anaerobic
conditions caused by an overflow of wastewater from a damaged
cell in the evaporation systenm.

An aquatic biota survey of the cClark Lake
system conducted by Resource Engineering, Inc. in September,
1984 indicated an active and diverse aquatic ecosystem.
Sediment samples of Clark Iake were obtained by Resource
Engineering, Inc. and analyzed by GC/MS for priority pollutants
(Table 5=-2). No adverse impacts from the 1978 spill remain.

9.5.3 surface Hydrology =~ The 1100-year floodplain

level is 175 feet above mean sea level, according to a recent
Corps of Engineers study (Appendix G5B). The pond levee is
176.5 feet above MSL at its lowest point Pnd,‘ therefore, able
to withstand a 100~year flocd event. Stormwater runoff
calculations for the site are presented in Section 5.3.3 and
illustrated in Figure 5.5,

The 100 year flood event would inundate the
evaporative system. The  environmental impacts of the
potentially contaminated stormwater runoff would be expected to

be minimal considering dilution effects.
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If left wunmanaged, the pond will accumulate
stormwater at an approximate rate of 6.8 million gallons per
year. Based on this datum and pond dimensions from an aerial
survey of the site (Figure 5-5), the pond can be expected to
store all precipitation falling within the dikes for 3 %o 5
years from the date of this survey (July, 1984) if no interinm
stormwater management actions are taken.

9.6 Air Investigations =« The following conclusions can be

made of ambient air quality at the Sheridan Disposal site based
on independent sampling and analysis by Resource Engineering,

Inc. and the EPA's Emergency Response Team in March, 1986:
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° The site has no detectable volatile emissions
of polychlorinated biphenyls (PCBs) based on detection
limits of 0.003 wmg/m3 at average annual, ambient weather
conditions.

[ The s8ite has no  detectable emissions of
volatile RCRA Hazardous Substahce Tist organic compounds
above  background levels or listed RCRA  hazardous
substances during average annual ambient weather

conditions.

9.7 Biota Investigations - An extensive ecological survey

cof the Sheridan Disposal Services (SDS) site was conducted in

January, February, and June 1986. The conclusions of the

survey were:
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° No stress on the surrounding plant ang animal

communities was attributable to the materials in the diked

disposal pond. An abundance of floral ans: faunal species

occurs on the dike, even down to the edge of the water.

No differences in plant growth were found in the direction

of the flow of shallow groundwater toward the Brazos River

nor in any other direction. There is no runoff toward

Clark Lake from the disposal pond (Figure 7-5).

@ Diversity of ecological habitats at the site

is high, with an attendant diversity of plant species.

Diversity of animal species is correspondingly high with

total numbers as large or larger than would be expected.

*® Birds are particularly apundant, both with

regard to species and to individual numbers.

° Construction of a diked evaporation field

Created a new habitat for wildlife on the SDS site--one

that did not previously exist. Shore birds and water fowl

flock to the evaporative system to feed on organisms

breeding in the shallow water and wet mud. See Appendix

7A, 7.1.2.

© Clark Lake on the Sheridan tract and an oxbow

pond on the adjacent Styers property appear to have

thriving populations of aquatic plants ang animals. Fish,

turtles, frogs and insects were geen in abundance. A

number of birds and mammals feed on these organisms.
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. Forest trees adjacent to the disposal pit and

evaporation field appear to be in good health. Nearby

pecans and southern red oaks are very large and are

producing good crops of nuts and acorns. Large cedar elms
are extremely productive.

. No deleterious effects on wildlife can ke
attributed to oils or chemicals spreading from the
disposal area. A seeming scarcity of small rodents and
terrestrial reptiles almost certainly stems from a lack of
suitable ground cover due to heavy grazing of cattle.

s The only immediate threat to animal life from
the disposal pond is one of physical sontact by water
fowl., Birds landing on the pond may be injured or killed
by contact with floating oil.

L] | No federal or state-listed endangered plant or
animal species were detected on the site. One bird, the
bald eagle, could ccnceivably wander through in winter,

hut no evidence of nesting was found.

9.8 Public Health and Environmental Concern =~ Excluding

groundwater, of <the potential pathways of exposure to hazardous
constituents from Sps--surface water, air and direct
contact-~only direct contact appezrs ¢to present a potential
risk under current site conditions. This will be subject to

further evaluation in the Endangerment Assessment.
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